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PROBLEMS FOR RADIATION PROTECTION SPECIALISTS 
I N  SAFETY EVALUATIONS' 
INTRODUCTION 
Rad ia t ion  P r o t e c t i o n  S p e c i a l i s t s  a r e  charged w i t h  t h e  pro- 
t e c t i o n  of .man and h i s  environment from unwarranted r a d i a t i o n  
exposure  wh i l e  working t o  a t t a i n  maximum b e n e f i t s  t o  mankind 
from t h e  p rope r  u s e  of r a d i a t i o n .  The b e n e f 3 c i a l  u s e  of 
r a d i a t i o n  i s  impor t an t  t o  mankind; f o r  example, r a d i o n u c l i d e s  
a r e  used i n  medicine  f o r  bo th  d i a g n o s i t c  and t r e a t m e n t  purpose:; 
when no o t h e r  a g e n t  can produce t h e  -he lpfu l  r e s u l t s .  X-rays 
, a r e  used n o t  o n l y  f o r  medical  purposes  b u t  a l s o  f o r  i n d u s t r i a l  
a p p l i c a t i o n s  t o  p rov ide  a b e t t e r  and s a f e r  l i f e  f o r  a l l .  The 
r o l e  of n u c l e a r  r e a c t o r s  i n  power g e n e r a t i o n  f o r  t h e  coming de- 
cades  a p p e a r s  a s s u r e d  a l t hough  a  c o n s i d e r a b l e  e f f o r t  i n  r a d i a t i o n  
s a f e t y  e v a l u a t i o n s  may be r e q u i r e d  t o  convince  t h e  p u b l i c  t h a t  
I 
t h i s  program can be  s a f e l y  administere-d.  .. . \ -a 
, 
i 
L ike  a l l  chemica ls ,  r a d i a t i o n  i n  e x c e s s i v e  amounts can  pro,-  
duce damage i n  1 i v i n g . o r g a n i s m s .  I t  i s  t h e  r o l e  of t h e  --~ R a d i a t i o n  
. Pr06e.c-tion-S-pci,alist t o  p r e s c r i b e  c o n t r o l  methods and t e c h n i q u e s  
t o  a s s u r e  t h a t  no s i g n i f i c a n t  damage occu r s  from t h e  b e n e f i c i a l  
u s e  of r a d i a t i o n .  Rad ia t ion  P r o t e c t i o n  S p e c i a l i s t s  f a c e  complex 
- -. 
s i t u a t i o n s  d a i l y  r e q u i r i n g  c a r e f u l  p lanning  t o  avo id  r a d i a t i o n  
problems. For  any p a r t i c u l a r  f a c i l i t y  t h e  s i z e  of t h e  e f f o r t  
r e q u i r e d  f o r  r a d i a t i o n  p r o t e c t i o n  may v a r y  from a  pa r t - t ime  
ass ignment  of a  s i n g l e  i n d i v i d u a l  t o  a  complete o r g a n i z a t i o n  
w i t h  many s p e c i a l i s t s  a t t e n d i n g  t o  s p e c i f i c  a r e a s  of t h e  r a d i a -  
t i o n  p r o t e c t i o n  program. 
4' 
The a r e a s  of r a d i a t i o n  p r o t e c t i o n  t h a t  may be f aced  by 
R a d i a t i o n _ P r o t e c t i o n  S p e c i a l i s t s  i n c l u d e  Rad ia t ion  Moni tor ing 
1----- 
and S u r v e i l l a n c e ,  Personne l  Dosimetry,  Rad ia t ion  S t anda rds ,  
~ a d i o l o g i c a l  Design P r i n c i p l e s ,  Nuclear Sa fe ty ,  Nuclear M a t e r i a l  
Management, Environmental Evalua t ions  and Radio logica l  Emergencies. 
I n  f ac ing  t h e s e  a r e a s ,  t h e  proper r o l e  of t h e  % Radia t ion  _- Pro- - 
t e c t i o n  S p e c i a l i s t  i s  a n t i c i p a t i n g  and serving problems r e l a t i n g  
- 1 A---. 
t o  how t o  accomplish r a d i a t i o n  work s a f e l y .  He has done h i s  job 
we l l  when "no problems" occur .  With proper planning,  cooperat:!-on, 
adequate knowledge and management support  t h e  Rad ia t ion '  Protect:ion 
S p e c i a l i s t  can a s s u r e  t h e  s a f e  use  of r a d i a t i o n .  
' RADIATION.  M O N I T O R I N G  AND SURVEILLANCE. 
e 
F i r s t  t o  be considered i n  designing r a d i a t i o n  p r o t e c t i o n  pro- 
grams i s  t h e  i d e n t i f i c a t i o n  of r ad ionuc l ides  and t h e  q u a n t i t i e s  
t o  be handled. Obviously, small  q u a n t i t i e s  of s h o r t  h a l f - l i f e  
(few day) r ad ionuc l ides  a r e  much l e s s  problem than l a r g e  q u a n t i t i e s  
of long-l ived (yea r s )  r ad ionuc l ides .  Each encounter r e q u i r e s  '-.he 
r i g h t  l e v e l  of r a d i a t i o n  p ro tec t ion  c g n t r o l  measures. The - Radia- . -,
t e c t i o n  S p e c i a l i s t  -. needs t o  p lan  h i s  program of problem 
solv ing  t o  be s u r e  e x t e r n a l  r a d i a t i o n  exposure,  contaminat ion 
spread ,  and i n t e r n a l  depos i t ion  of r a d i o a c t i v e  m a t e r i a l s  a r e  
p roper ly  c o n t r o l l e d .  B a s i c a l l y ,  t h i s  g o a l  i s  accomplished by , 
thorough t r a i n i n g  of t h e  i n d i v i d u a l  performing t h e  r a d i a t i o n  
work and by providing adequate work f a c i l i t i e s .  
Tra in ing  should be d i r e c t e d  a t  emphasizing t h e  use  of s h i e l d -  
i n g , c o n t r o l l e d  work d u r a t i o n s ,  d i s t a n c e ,  and remote o r  semi-remote 
handling f o r  m a t e r i a l s  t h a t  p r e s e n t  e x t e r n a l  r a d i a t i o n  hazard 
and contamination c o n t r o l  by t h e  use of hoods o r  glove boxes 
and proper o p e r a t i o n a l  methods f o r  uncontained r a d i o a c t i v e  mater- 
i a l s .  Good techniques were e s t a b l i s h e d  wi th  t h e  development of 
1 
t h e  atomic age t o  make p o s s i b l e  now t h e  use  of s a f e  work p r a c t i c e s .  
I t  i s  a mat ter  of adequate r a d i a t i o n  p r o t e c t i o n  s p e c i a l i s t  t r a i n -  
1 ' w 
ing and knowledge, s t a f f  t r a i n i n g  and knowledge, and funds t o  
d e s i g n ,  b u i l d  and o p e r a t e  t h e  r a d i a t i o n  f a c i l i t y  p r o p e r l y .  
'- 
One should r ecogn ize  immediately t h a t  f a c i l i t i e s  des igned  
f o r  t h e  proper  handl ing  of r a d i o n u c l i d e s  w i l l  be more expens ive  
&b 
and more complex i n  d e s i g n  than  many o t h e r  ; i n d u s t r i a l  f a c i l i t i e s .  
A r e l a t i v e l y  sma l l  expend i tu re  can buy a  s u f f i c i e n t  q u a n t i t y  of  
r a d i o n u c l i d e s  t o  r e q u i r e  a f a c i l i t y  and c o n t r o l  p rocedures  c o s t i n g  
m i l l i o n s  of t imes  t h e  r a d i o n u c l i d e  purchase  p r i c e .  One needs  t o  
remain a l e r t  t o  be  s u r e  t h e  f a c i l i t i e s  a r e  adequa te  f o r  t h e  
work t o  be  performed. 
. Rad ia t ion  P r o t e c t i o n  S p e c i a l i s t <  need 'good i n s t r u m e n t a t i o n  
.' 1 
t o  p rov ide  t h e  d o t a m i n a t i o n  d e t e c t i o n  measurements re- 
q u i r e d .  The 'moni tor ing  i n s t r u m e n t a t i o n  needs  t o  respond t o  
r a d i a t i o n  t y p e s ,  e n e r g i e s  and r a d i o a c t i v e  q u a n t i t i e s  enc0unterl.d. 
These in s t rumen t s  should be  c o n v e n i e n t . t o  u s e ,  dependable  in 
o p e r a t i o n  and s u i t a b l e  f o r  p rope r  c a l i b r a t i o n  and r a p i d  i n t e r p r e -  
. ,  
t a t i o n .  ( 
A good p r a c t i c e  t o  develop i n  avoid ing  problems i s  t h e  a d o l ~ t i o n  
of w r i t t e n  procedures  d e t a i l i n g  how s p e c i f i c  r a d i a t i o n  work w i L 1  
' be accomplished.  One such procedure ,  perhaps  r e f e r r e d  t o  a s  a  
"Rad ia t ion  Work Procedure , ' '  should d e t a i l  t h e  r a d i o n u c l i d e s  in - -  
vo lved ,  t h e  p r o t e c t i v e  equipment r e q u i r e d ,  and t h e  s p e c i a l  ca r t?  
o r  handl ing  methods t o  be u s e d .  'I'he p rocedures  should be r e a d ,  
unders tood and approved by bo th  t h e  Radia 
and t h e  group o r  i n d i v i d u a l  performing t h e  r a d i a t i o n  work. Each 
i n d i v i d u a l  performing work a u t h o r i z e d  by t h e  Rad ia t ion  Work Pro- 
cedure  needs  t o  f u l l y  unders tand  i t s  c o n d i t i o n s  and r equ i r emen t s .  
Any f a c i l i t y  r o u t i n e l y  handl ing  r a d i o a c t i v e  m a t e r i a l s  should 
r e c e i v e  p e r i o d i c  r a d i a t i o n  surveys  t o  a s s u r e  t h e  c o n t r o l  ove r  t h e  
r a d i o a c t i v e  m a t e r i a l s  i s  adequa te .  Such su rveys  should be  sched- 
u l e d ,  completed and reviewed on a  f requency  t h a t  w i l l  p rov ide  
' 
good s u r v e i l l a n c e .  A i r  samples may a l s o  be  r e q u i r e d  t o  
de te rmine  a i r  q u a l i t y  i n  t h e  working a r e a s .  Most any work - 
w i t h  r a d i o a c t i v e  m a t e r i a l s  w i l l  r e q u i r e  sh ipp ing  and r e -  
c e i v i n g  of r a d i o a c t i v e  packages and proper  packaging and 
moni tor ing  should be a s s u r e d  t o  r e s u l t :  i n  s a f e  t r a n s p o r t  
of m a t e r i a l s .  More t h a n  l i k e l y  some r a d i o a c t i v e  was te  pro- 
d u c t s  w i l l  be  gene ra t ed  d u r i n g  t h e  work and an  a p p r o p r i a t e  
w a s t e  d i s p o s a l  program t h a t  a s s u r e s  r i i d ionuc l ides  do n o t  
e n t e r  t h e  environment i n  q u a n t i t i e s  0.1: c o n c e n t r a t i o n s  g r e a t e r  
t h a n  approved l e v e l s  needs  t o  be  i n  p l a c e .  
I n  a d d i t i o n  t o  t h g  r o u t i n e  and dai . ly work program, r a d i a -  
t i o n  moni tor ing  teams o r  i n d i v i d u a l s  need t o  be ready  t o  
respond t o  r a d i a t i o n  emergencies.  Appropr ia te  i n s t r u m e n t a t i o n  
and procedures  should be  i n  p l a c e  t o  r ~ i n i m i z e  t h e  consequences 
I 
t o  t h e  s t a f f  and t h e  environment of any l o s s  of c o n t r o l  over  
r a d i o a c t i v e  m a t e r i a l .  
\ PERSONNEL DOSIMETRY \< 
The Rad ia t ion  P r o t e c t i o n  S p e c i a l i s t  needs  t o  know t h e  
t y p e s  and exposure  c o n d i t i o n s  t h a t  w i l l  be  encountered s o  t h a t  
a p p r o p r i a t e  pe r sonne l  dos ime te r s  can  he used.  F r e q u e n t l y ,  
pe r sonne l  dos ime te r s  may be a v a i l a b l e  from commercial f i r m s  
p rov id ing  t h i s  s e r v i c e .  I n i t i a l l y  <,n most c o u n t r i e s  it i s  
neces sa ry  f o r  t h o s e  f i r s t  working w i t h  r a d i o a c t i v e  m a t e r i a l s  t o  
d e s i g n  and have manufactured t h e i r  own dos ime te r s .  B a s i c a l l y ,  
. . 
pe r sonne l  d o s i m e t e r s  need t o  meet t h e  fo l lowing  g e n e r a l  s p e c i f i -  
c a t i o n s  : 
1. Provide  a l i n e a r  d o s e  r e sponse  w i t h  energy 
over  a wide dose  range.  
2 .  Cover t h e  dose  range  from e s s e n t i a l l y  ze ro  t o  t h e  
maximum t h a t  might  be  encountered i n  a s e r i o u s  
accident-- -perhaps  s e v e r a l  hundred r a d s .  
3 .  Be a b l e  t o  d i f f e r e n t i a t e  between p e n e t r a t i n g  
and (nonpene t ra t ing  r a d i a t i o n .  Normally t h e  
. a b i l i t y  t o  p e n e t r a t e  t o  a  dept.h of 5 grams p e r  
squa re  c e n t i m e t e r  of t i s s u e  eq,.uivalent m a t e r i a l  
i s  used t o  d e f i n e  p e n e t r a t i n g  r a d i a t i o n .  
4 .  B e  s t a b l e  f o r  t h e  p e r i o d  durir..g which t h e y  are 
used wi thou t  f a d i n g  o r  dose  ei.hancement o c c u r r i n g .  
5. B e  c a l i b r a t e d  a t  a l l  e n e r g i e s  and dose  l e v e l s  
t h a t  may be encounte red .  
6 .  I f  n e u t r o n s  w i l l  be  encounte red ,  s p e c i f i c  read-  
o u t  and c a l i b r a t i o n  f o r  neu t ron  exposure  should be  
prov ided .  \! 
i 
\ 
. ' A  r a d i 2 t i o r i  exposure  r e c o r d  system: should be e s t a b l i s h e d  . -  
t o  m a i n t a i n  t h e  r e c o r d  of  n o t  on ly  pe r sonne l ,  dose  r e s u l t s  b u t  
a l s o  r a d i a t i o n  i n c i d e n c e s ,  con tamina t ion  occu r rences ,  and a l l  
abnormal e v e n t s  i n v o l v i n g  r a d i a t i o n  t h a t  a r e  encountered by, 
each  s t a f f  member. The r e c o r d s  of i n s t rumen t  and dos ime te r  
c a l i b r a t i o n s  procedures  and r e s u l t s  sl-:auld be main ta ined .  
A q u a l i t y  c o n t r o l  a u d i t i n g  system to e v a l u a t e  dos imeter  
/ 
performance and e v a l u a t i o n  i s  recommended. Equipment and 
methods f o r  performing b i o a s s a y  i n a l y s i s  o r  i n v i v o  measurements 
should be a v a i l a b l e .  The r e l a t i v e l y  complex methods f o r  
e v a l u a t i n g  t h e  r e s u l t s  of  t h e s e  programs should be  thoroughly  
unders~tzroll a d  c a r e f u l l y  p r a c t i c e d  i f  meaningful  r e s u l t s  a r e  
t o  be  a t t a i n e d .  
RADIATION STANDARDS 
-, . 
A l l  r a d i a t i o n  p r o t e c t i o n  programs should be des igned  t o  
m a i n t a i n  r a d i a t i o n  exposure  a t ,  t h e  l owes t  p r a c t i c a b l e  l e v e l s .  
The s p e c i f i c  r a d i a t i o n  s t a n d a r d s  t o  be  used f o r  c o n t r o l l i n g  
bo th  e x t e r n a l  exposure  and i n t e r n a l  d e p o s i t i o n  should be i d e n t i -  
f i e d .  ~ o r m a l i ~ ,  such s t a n d a r d s  fo l low c l o s e l y  t h e  recommenda- 
t i o n s  of t h e  I n t e r n a t i o n a l  Commission on R a d i o l o g i c a l  P r o t e c t i o n  
( I C R P ) .  A coun t ry  may wish t o  adopt  more r e s t r i c t i v e  s t a n d a r d s  
t han  t h e s e  i n  some a r e a s ,  b u t  one should t h i n k  th rough  ve ry  
s e r i o u s l y  t h e  wisdom f o r  adopt ing  s t a n d a r d s  i n  e x c e s s  of t h o s e  
proposed by ICRP o r  o t h e r  a u t h o r i t a t i v e  groups  w i t h i n  a  coun t ry .  
S t anda rds  f o r  c o n c e n t r a t i o n s  of r ad io r luc l ides  i n  t h e  a i r  and 
wate r  should a l s o  be i d e n t i f i e d  and moni tor ing  programs should 





RADIOLOGICAL DESIGN. PRINCIPLES \ 
\ 
Rad ia t ion  p r o t e c t i o n  i s  ach ieved  {~hrough  p h y s i c a l  p r o t e c t i v e .  
f e a t u r e s  supplemented by a d m i n i s t r a t i v e  c o n t r o l s .  The R a d i a t i o n  
P r o t e c t i o n  S p e c i a l i s t  should be  d i r e c t l y  involved  i n  t h e  d e s i g n  
and o p e r a t i o n  of  f a c i l i t i e s  provided f o r  work w i t h  r a d i a t i o n .  
Adequate p h y s i c a l  p r o t e c t i v e  f e a t u r e s  should  be achieved i n  
b u i l d i n g  c o n s t r u c t i o n  s o  t h a t  supplemcmtal a d m i n i s t r a t i v e  con- 
t r o l s  may be k e p t  s imple  and workable.  A b u i l d i n g  designed 
w i t h  adequa te  p h y s i c a l  p ro ' t ec t ive  f e a t u r e s  should r e s u l t  i n  
s u b s t a n t i a l  o p e r a t i n g  economics r e s u l t i n g  from t h e  e a s e  and 
e f f i c i e n c y  of ma in t a in ing  sound r a d i a t i o n  p r o t e c t i o n  p r a c t i c e s  
th roughout  t h e  u s e f u l  l i f e  of t h e  b u i l d i n g .  
The in fended  u s e  of a  b u i l d i n g ,  and t h e r e f o r e ,  t h e  k inds  
and q u a n t i t i e s  of r a d i o a c t i v e  m a t e r i a l s  employed, may change 
even b e f o r e  t h e  b u i l d i n g  i s  completed.  I t  i s  common f o r  a 
b u i l d i n g  which was des igned  w i t h  a minimum of p h y s i c a l  pro- 
t e c t i v e  f e a t u r e s  t o  be  used f o r  p r o j e c t s  which r e q u i r e  g r e a t l y  
i n c r e a s e d  emphasis on r a d i o l o g i c a l  s a f e t y .  Within t h e  l i m i t s  
of good judgment, t h e  b u i l d i n g  should be  des igned  f o r  o p e r a t i o n s  - 
i n v o l v i n g  l a r g e r  q u a n t i t i e s  of  m a t e r i a l s  of h ighe r  r a d i o t o x i c i t y  
0 t h a n  i n i t i a l l y  pr0pose.d. 
One of t h e  unde r ly ing  concep t s  i n  t h e  c o n t r o l  of r a d i o -  
a c t i v e . m a t e r i a l s  and r a d i a t i o n  i s  t h e  u s e  of a  b u f f e r  zone be- 
tween a c t i v e  work a r e a s  and a r e a s  which a r e  f r e e  of r a d i a t i o n  
and r a d i o a c t i v e  m a t e r i a l s .  T h i s .  intc:rmediate a r e a  may be a s  
smal l  a s  an a i r  l o c k  o r  it may encompiiss a  major p a r t  of t h e  
b u i l d i n g .  A b u f f e r  zone s e r v e s  t o  mi~l imize  t h e  consequences of 
o c c a s i o n a l  l o s s  of c o n t r o l  i n , t h e  a c t i v e  work a r e a  by p rov id ing  
a  second b a r r i e r .  A t h i r d  b a r r i e r  ,is sometimes used f o r  opera-  
t i o n s  i nvo lv ing  a  h igh  p o t e n t i a l  f o r  :LOSS of c o n t r o l ,  p a r t i c u l a r l y  
where t h e  consequences of such l o s s  would be  s e r i o u s .  The o u t e r '  
b a r r i e r  should be  needed o n l y  a s  a  co:lsequence of a  f a i l u r e  of 
i 
, t h e  i n n e r  b a r r i e r .  '.. 
I 
R a d i o l o g i c a l  d e s i g n  c r i t e r i a  enumerate t h e  b a s i c  d e s i g n  
f e a t u r e s  and r e q u i r e m e n t s ' o f  f a c i l i t i e s  f o r  s a f e  work w i t h  
r a d i o a c t i v e  m a t e r i a l s  o r  r a d i a t i o n  g e n e r a t i n g  machines. Sh ie ld -  
i n g  and p h y s i c a l  p r o t e c t i v e  f e a t u r e s  should  be  inc luded  which 
\\ 
w i l l  f a c i l i t a t e  o p e r a t i o n s  and keep e::posure of pe r sons  t o  
r a d i a t i o n  and r a d i o a c t i v e  m a t e r i a l s  a:; low a s  t e c h n i c a l l y  and 
economical ly  f e a s i b l e  ( a s  low a s  p r a c t i c a b l e ) .  C o l l e c t i v e l y ,  
t h e  b u i l d i n g  f e a t u r e s  and o p e r a t i n g  procedures  should (1) keep 
planned exposures  t o  r a d i a t i o n  workers w i t h i n  p r e s c r i b e d  l i m i t s  
and a s  low a s  p r a c t i c a b l e ,  ( 2 )  keep c a s u a l  exposure  of  pe r sons  
n o t  engaged i n  r a d i a t i o n  work low t o  avoid  unwarranted u s e  of 
exposure  t h a t  may be need f o r  r a d i a t i o n  work, ( 3 )  keep exposure  
o r  t h e  t h r e a t  of exposure  t o  pe r sons  n o t  c o n t r o l l e d  a s  nea r  
ze ro  a s  p o s s i b l e , a n d  ( 4 )  m a i n t a i n  c o n t r o l  i n  s p i t e  of o p e r a t i o n a l  
f a i l u r e s  o r  f a c i l i t a t e  recovery  of c o n t r o l  when o p e r a t i o n a l  
















































































































































































































































































































































































































































































































































































































Good t r a f f i c  c o n t r o l  d e s i g n  should minimize r a d i a t i o n  exposure  
subsequent  t o  a contamina t ion  sp read ,  c r i t i c a l i t y  o r .  f i r e .  The 
e x t e n s i v e  u s e  of a i r  loc 'ks a t  a l l  e x i t s  i n c l u d i n g  emergency 
e x i t s  a s  a  means of con tamina t ion  c o n t r o l  should be cons ide red .  
P r o v i s i o n  should be  made f o r  i s o l a t e d  and locked a r e a s  t h a t  p re -  
v e n t  unnecessary o r  i n a d v e r t e n t  e n t r y  t o  a r e a s  where h igh  r a d i a -  
t i o n  dose  r a t e s  o r  l a r g e  amounts of r a d i o a c t i v e  m a t e r i a l s  may 
. be encounte red .  Cons ide ra t ion  should be g iven  t o  t h e  e a s e  of 
decontaminat ing work s t a t i o n s  and t o  p r o v i s i o n s  f o r  decontaminat-  
i n g  equipment. The maintenance of a  k u i l d i n g  and equipment may 
n e c e s s i t a t e  t h e  d e s i g n  of s p e c i a l  maintenance f a c i l i t i e s .  
A l l  f a c i l i t i e s  i n  which r ad ioac t i1 . e  m a t e r i a l s  o r  r a d i a t i o n  
g e n e r a t i n g  machines a r e  used should i r tc lude p r o v i s i o n s  f o r  ade- 
q u a t e  of r a d i a t i o n  warning s i q n s .  C o n s i d e r a t i o n  shoulcl 
be  g i v e n  t o  t h e  d e s i r a b i l i t y  f o r  bu i l t l ing  r a d i a t i o n  moni tor ing  
. . 
systems and a  c e n t r a l i z e d  read-out  of t h e  systems.  The a b s o l u t e  
p r e v e n t i o n  of a l l  pe r sonne l  contamina2:ion cannot  be  a s s u r e d ;  
. . 
hence,  f a c i l i t i e s  f o r  pe r sonne l  decon1:aminatioh should be pro- 
v ided .  
B. V e n t i l a t i o n  
The v e n t i l a t i o n  system (supp1.r and , e x h a u s t )  of a  r ad io -  
l o g i c a l  f a c i l i t y  supplements t h e  f a c i l i t y  l a y o u t  i n  c o n t r o l l i n g  
t h e  movement of r a d i o a c t i v e  m a t e r i a l s  from contaminated a r e a s  
toward uncontaminated a r e a s .  The v e n t i l a t i o n  r a t e  i s  u s u a l l y  
c o n t r o l l e d  by t h i s  f u n c t i o n ,  and i s  t h e r e f o r e  u s u a l l y  h i g h e r  
t h a n  needed s o l e l y  f o r  t h e  comfort  o f . t h e  workers .  Freedom 
from d u s t  should be  a s su red .  The d e s i g n  should  avoid  d r a f t s  
and e d d i e s ,  which tend  t o  spread  c .ontaminat ion.  I t  i s  u s u a l l y  
d e s i r a b l e  t o  d e s i g n  f o r  d i r e c t  smooth downflow of a i r  a c r o s s  
t h e  working f a c e s  of g love  boxes o r  hoods,  s o  t h a t  i n  t h e  even t  
of a  g l o v e  punc ture  o r  o t h e r d a m a g e ,  any contamina t ion  which may 
\ 
escape  i s  c a r r i e d  away from t h e  workers '  f a c e s  and l o c a l i z e d  
nea r  t h e  a f f e c t e d  hood. The g o a l  of t h e  exhaus t  a i r  t r e a t m e n t  
should be  t o  keep t h e  r e l e a s e  of r a d i o a c t i v e  m a t e r i a l  t o  t h e  
environment t o  a  minimum. 
C .  Water Supply and Sewer Systems 
Design of wate r  supply  and s e w e r  systems needs  t o  pre-  
v e n t  a c c i d e n t a l  con tamina t ion  of supply systems and should ensu re  
d i s p o s a l  of  aqueous waste  i n t o .  t h e  prc5per sewer and p r e v e n t  d i s -  
p o s a l  of was te  m a t e r i a l s  t o  a n  improper sewer.  Design should 
c o n s i d e r  t h e  fo l lowing  t y p e s  of was te  s e p a r a t e l y :  (1) s a n i t a r y  
sewage, ( 2 )  p r o c e s s  waste  wa te r  n o t  t h r e a t e n e d  w i t h  r a d i o a c t i v e  
contamina t ion ,  ( 3 )  was te  wate r  which riormally meets t h e  p rev ious  
c l a s s i f i c a t i o n  b u t  which might  c o n t a i n  r a d i o a c t i v e  m a t e r i a l  be- 
cause  of f a i l u r e  of equipment o r  pe r sonne l  e r r o r  and ( 4 )  waste  
wate r  which normal ly  c o n t a i n s  rad ioac t l ive  m a t e r i a l .  The d e s i g n  
* .  
should a l s i j  Grovide f o r  t h e  dispzsnl of l i q u i d  was t e s  which ar:?- . .  . . .. 
n o t  a c c e p t a b l e  i n  any of t h e  waste wate r  systems - o i l ,  f o r  
example. 
D .  Rad ioac t ive  Work S t a t i o n s  
The c o n t r o l  of r a d i o a c t i v e  m a t e r i a l s  t o  p reven t  t h e i r  
becoming a sni lrcp of i n t e r n a l  exposura can bc made c a s i c r  by , 
d e s i g n  and s e l e c t i o n  of p roper  equipment f o r  l a b o r a t o r i e s .  
Because of t h e  smal l  q u a n t i t i e s  which a r e  cons ide red  s i g n i f i -  
c a n t ,  h igh  r a d i o t o x i c i t y  m a t e r i a l s  may c r e a t e  a  major problem 
i f  t h e y  a r e  mismanaged; t h e  r i s k  of s i g n i f i c a n t  exposure  may be  
g r e a t .  Work s t a t i o n s  f o r  man ipu la t ions  w i t h  low r a d i o t o x i c i t y  
m a t e r i a l s  should be remote £?om work s t a t i o n s  where h igh  r a d i o -  
t o x i c i t y  m a t e r i a l s  a r e  t o  be  employed. 
S h i e l d i n g  should be  determined by t h e  n a t u r e  of t h e  
work. S h i e l d i n g  may be provided by t h e  c o n s t r u c t i o n  of massive  

a r e  dev ioes  used t o  c o n t r o l  sp read  of con tamina t ion  and t o  
c o n t r o l  movemsnt of  pe r sonne l .  Annunciators  and a la rms  may b e  
r e q u i r e d  t o  i n s u r e  prompt c o r r e c t i o n  of b reaches  i n  t h e  c o n t r o l  
V 
s y s t e m :  Measurement and c o n t r o l  of  exhaus t  a i r  'and was te  wate r  
a r e  neces sa ry  t o  i n s u r e  c o n t r o l  of  r a d i a t i o n  exposures  t o  pe r sons  
o u t s i d e  of ncrmal c o n t r o l  a r e a s .  . 
NUCLEAR SAFETY - 
When f i s s i o n a b l e  m a t e r i a l s  a r e  p r e s e n t  i n  a  b u i l d i n g  i n  
e x c e s s  of t h z t  r e q u i r e d  f o r  t h e  assembly of one c r i t i c a l  mass, 
a  n u c l e a r  s a f e t y  program i s  r e q u i r e d .  T h i s  program should  
be des igned  t.o p rov ide  a  double  cont ingency  c o n t r o l  t o  p reven t  
a  c r i t i c a l  occu r rence .  Consequent ly ,  two t o t a l l y  independent  
e r r o r s  o r  eqt.ipment f a i l u r e s  would be  r e q u i r e d  b e f o r e  a c r i t i -  . 
. . 
c a l i t y  could  occu r .  I t  i s  a  g o o d ' p r a c t i c e  t o  r e q u i r e  s a f e t y  
- / hazard ana lyses , .  which s tudy  i n  t e c h n i c a l  dep th  t o  a n a l y z e  
. - .  t h e  ; e t s z t i z - L  a c c i d e n t s  t h a t  cou ld  oc<zur i n  such a  f a c i l i t y  .: 
and p o t e n t i a l .  consequence of t h e i r  occur rence .  Good performance 
should be a s su red  by a u d i t i n g  t h e  handl ing  procedures  and p r a c -  
. t i c e s  r & l a t i , l g -  t o  nuc l ea r  m a t e r i a l s .  . . 
C r i t i c a 1 j . t ~  a l a rms  should  be  provided s o  t h a t  people  
. working i n  t l ie  f a c i l i t y  can immediately evacua te  i f  a  c r i t i -  
c a l i t y  tak'es p l a c e .  Good .emergency evacua t ion  procedures  known 
. t o  a l l  i n  t h e  f a c i l i t y  should be  i n  p l a c e .  Some method of 
personne l  a c c o u n t a b i l i t y  i s  d e s i r a b l e  t o  a s s u r e  a l l  p e o p l e a r e  
accounted f o r  fo l lowing  an a c c i d e n t .  
NUCLEAR MATERIAL MANAGEMENT 
When c r i t i c a l  masses of  f i s s i o n a b l e  m a t e r i a l  a r e  i n  ' 
, i n v e n t o r y ,  it i s  neces sa ry  t o  keep d e t a i l e d  r e c o r d s  of  t h e  
q u a n t i t y  of m a t e r i a l  i n  any g iven  l o c a t i o n .  One needs t o  
e s t a b l i s h  i n v e n t o r y  r e c o r d s  f o r  each  work l o c a t i o n  and 
p rov ide  a  double  checkoff  system w h e n , m a t e r i a l  i s  added o r  
. removed from t h a t  work l o c a t i o n .  
I t  i s  app:copr ia te  t o  ma in t a in  s t r i c t  a c c o u n t a b i l i t y  o n .  
a l l  f i s s i o n a b l e  m a t e r i a l s  t o - . a s s u r e  t h a t  none a r e  l o s t  i n  t h e  
p roces s .  Los t  m a t e r i a l s  may be b u i l d i n g  up i n  a  l o c a t i o n  and 
e v e n t u a l l y  l e a d  t o  a n  unexpected c r i t i c a l i t y  even t .  
ENVIRONMENTAL EVALUATIONS 
The environment of a  n u c l e a r  f a c i l i t y  o r  l a b o r a t o r y  should 
be  monitored t o  de te rmine  t h e  impact  of t h e  f a c i l i t y .  Environ-, 
mental  moni tor ing  programs may be q u i t e  e lementary  i f  a  sma l l  
q u a n t i t y  of o:.~ly a  s i n g l e  i s o t o p e  i s  invo lved ,  o r  may be indee6. 
complex i f  a  l a r g e  o p e r a t i o n  w i t h  l a r g e ,  q u a n t i t i e s ,  of many 
$\ i s o t o p e s  a r e  involved .  , 
\ 
Typ ica l  environmental  measurements would i n c l u d e :  
1. A i r  c o n c e n t r a t i o n s  of r a d i o a c t i v e  m a t e r i a l s  
th roughout  t h e  r e g i o n .  
2 .  Concen t r a t i ons  of r a d i o a c t i v e  m a t e r i a l s  i n  
s t r cams ,  r i v e r s ,  and l a k e s  i l l  L11e r e y i u n .  
- 3.  S p e c i a l  samples of underground water  s u p p l i e s  
and w e l l s  t o  de te rmine  p o s s i b l e  l eakage  i n t o  
, t h e s e  systems.  
4 .  Samples of v a r i o u s  foods  should be ana lyzed  
f o r  r a d i o n u c l i d e  c o n t e n t .  
P a r t i c u l a r  a t t e n t i o n  should be g iven  t o  p o s s i b l e  r e c o n - .  
c e n t r a t i o n  t h a t  may occur  p a r t i c u l a r l y  by inarine organisms.  : 
Study may be neces sa ry  t o  i d e n t i f y , p a t h w a y s  of r a d i o n u c l i d e s  
th rough  t h e  eilvironment t o  man o r  an imals .  
I n ' a l l  of  t h e s e  i t  i s  d e s i r a b l e  t o  deve lop  method-. 
o logy t o  c a l c u l a t e  t h e  dose  t o  humans from t h e  c o n c e n t r a t i o n  
of r a d i o n u c l i d e s  found i n  t h e  environment.  A l l  dose  c a l c u l a t i o n s  
should be  compared w i t h  r a d i o l o g i c a l  s t a n d a r d s  t o  make an a s s e s s -  
ment of t h e  t r u e  impact  on t h e  enviromnent of  t h e  r a d i a t i o n  work. 
RADIOLOGICAL EMERGENCY 
Although eve ry  p r e c a u t i o n  should  be  t aken  i n  d e s i g n i n g  
and working w i t h  r a d i o a c t i v e  m a t e r i a l s ,  it i s  a l s o  prudent  t o  
be prepared  f o r  a c c i d e n t s .  One should examine t h e  m a t e r i a l s  i n  
i n v e n t o r y  and a s s e s s  t h e  p o t e n t i a l  impact  from a l l  r ea sonab ly  
conce ivab le  e .ccidents .  I t  i s  a  good p r a c t i c e  t o  p r e p a r e  a 
S a f e t y  Ana lys i s  Report  ( S A R )  f o r  any n a j o r  program. The SAR 
should ~ n ~ c i d e r  a l l  p o t e n t i a l  a c c i d e n t s ,  t h e i r  consequences i n ,  
view of t h e  -pro tec t ive  f e a t u r e s  i nc luded  i n  t h e  f a c i l i t y  d e s i g n  
and o p e r a t i n g  methods and a s s e s s  t h e  impact of t h e  a c c i d e n t  on 
t h e  environment and s t a f f .  A f t e r  s tudy  of t h e  SAR,  a  judgment 
should be made r e l a t i v e  t o  whether it i s  a p p r o p r i a t e  t o  proceed 
w i t h  t h e  work o r  n o t .  
A t t e n t i o n  should be  g iven  t o  p r e p a r i n g  emergency p l a n s  t o  
q u i c k l y  a s s e s s  t h e  p o t e n t i a l  of an abnormal occur rence  and f o r  
r e c o v e r i n g  from t h e  a c c i d e n t .  Emergency guidance and s p e c i a l  
i n s t r u m e n t a t i o n  a r e  u s u a l l y  d e s i r a b l e  t o  meet t h e s e  needs .  
A e r i a l  survey.methods can q u i c k l y  g i v e  g e n e r a l  a r e a s  of concern  
f o r  ground survey.  communication w i t h  f i e l d  moni tor ing  t e a m s  
du r ing  emergency surveys  may be  most c r i t i c a l .  P o r t a b l e  r a d i o  
equipment i s  h e l p f u l  t o  o b t a i n  qu ick  r a d i a t i o n  survey  r e s u l t s  
and t o  d i r e c t .  emergency team e f f o r t s  t o  a r e a s  of most concern.  
A c a p a b i l i t y  i n  t h e  f - i e l d  of  meteorology i s  d e s i r a b l e  t o  p rov ide  
quick estimates of potential atmospheric dilution and to 
obtain guidance on the direction of travel for.any airborne 
release. Practice sessions and special training in meeting 
emergency con,litions should be held. 
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APPENDIX A. 
RADIOLOGICAL DESIGN C R I T E R I A  
The f o l l o * a i n g  ~ a d i o l o ~ i c a l  Design C r i t e r i a  should form t h e  
b a s i s  f o r  a  good, p r a c t i c a l  and s a f e  f a c i l i t y  f o r  working w i t h  
r a d i o a c t i v e  m a t e r i a l s .  While n o t  eve ry  i t em i s  t o  be  cons ide red  
as mandatory--each i t e m  should be  cons ide red  f o r  a p p l i c a b i l i t y .  
I t e m s  should n o t - b e  d i s c a r d e d  because t h e y  may be expensive--but: 
on ly  when it i s  c l e a r  from t h e  n a t u r e  of t h e  work t o  be  performed 
t h a t  . they  a r e  no t  necessary .  These r a d i o l o g i c a l  d e s i g n  c r i t e r i a  
have been t e s t e d  by a c t u a l  u s e  w i t h  h i g h l y  f a v o r a b l e  r e s u l t s . '  
Rad io log ica l  Guides 
\ 
1. C l a s s i f i c a t i o n  of Bui ld ing  Zones \ 
\ 
\ 
A. Rad ia t ion  Zone i 
\ . . 
e Any l o c a t i o n  where t h e  combinat ion of a n t i c i p a t e d  dose  
r a t e  and a n t i c i p a t e d  occupancy i n d i c a t e s  a  dose  t o  
I p e r sons  exceeding 2 0  m r e m  p e r  week. 
Any l o c a t i o n  where t h e  a n t i c i p a t e d  dose  ra te  exceeds  
e Any l o c a t i o n  c o n t a i n i n g  unconfined r a d i o a c t i v e  m a t e r i a l s . .  
e Any l o c a t i o n  where t h e  c o n c e n t r a t i o n  of a i r b o r n e  r a d i o -  
a c t i v e  m a t e r i a l s  may exceed o c c u p a t i o n a l  Maximum 
P e r m i s s i b l e  Concen t r a t i ons  (MPC's) p r e s c r i b e d  by I C R P  
o r  t h e  IAEA o r  o t h e r  a u t h o r i t a t i v e  group f o r  occupa- 
t i o n a l l y  exposed groups.  
B. C o n t r o l l e d  Zone 
e Any l o c a t i o n  where t h e  a n t i c i p a t e d  dose  r a t e  exceeds  
0 .2  mrem/hr b u t  does  n o t  exceed 2 mrem/hr and where 
t h e  combination of a n t i c i p a t e d  dose  r a t e  and a n t i c i -  
p a t e d  d o s e  r a t e  and a n t i c i p a t e d  occupancy i n d i c a t e s  
4' 
a dose  t o  persons  l e s s  t h a n  2 0  mrem/week. 
e Any l o c a t i o n  where unconfined r a d i o a c t i v e  m a t e r i a l s  
may be expected o c c a s i o n a l l y  because of o p e r a t i o n a l  
f a i l u r e ,  equipment f a i l u r e , ' o r  r o u t i n e  maintenance.  
e Any l o c a t i o n  where t h e  c o n c ~ n t r a t i o n  of a i r b o r n e  





C .  Uncont ro l led  Zone , .  
\ 
0 .Any l o c a t i o n  where no r a d i o l o g i c a l  c o n t r o l  a c t i v i t i e s  
are r e q u i r e d .  
2 .  Exposure of  P e n e t r a t i n g  Rad ia t ion  
0 -  A l l  p e r sons  s h a l l  be r e s t r a i n e d  from r e c e i v i n g  r a d i a t i o n  
exposure  a t  a r a t e  exceeding 1 0 0 0  mrem/hr by s h i e l d i n g  
o r  locked p h y s i c a l  b a r r i e r s .  
@ I n  Rad ia t ion  Zones where r a d i a t i o n  exposure  i s  .a  neces sa ry  
\ 
p a r t  of  t h e  work being performed, s h i e l d i n g  s h a l l  be  pro- 
. . 
vided  where t h e  a n t i c i p a t e d  annua l  dose  exceeds  1000'mrem. 
When s h i e l d i n g  i s  provided ,  it s h a l l  reduce  t h e  a n t i c i p a t e d  
annua l  dose  t o  1000 mrem o r  l e s s .  I f  annua l  occupancy 
t ime cannot  be e s t i m a t e d ,  t h e n  s h i e l d i n g  s h a l l  reduce  
t h e  weekly dose  t o  20 m r e m .  I f  no in fo rma t ion  on occu- 
pancy t ime  i s  a v a i l a b l e ,  s h i e l d i n g  s h a l l  reduce  t h e  dose  
r a t e  t o  0.5 mrem/hr. 
e I n  C o n t r o l l e d  Zones and i n  Rad ia t ion  Zones where r a d i a -  
t i o n  exposure  i s  n o t  a  neces sa ry  p a r t  of  t h e  work being 
perform:=d, s h i e l d i n g '  s h a l l  be  prov ided  t o  l i m i t  t h e  
a n t i c i p a t e d  annua l  dose  t o  occuy:ants t o  l e s s  t h a n  1 0 0 0  
mrem. I f  t h e  annua l  occupancy t.ime cannot  be  e s t i m a t e d ,  
t hen  s h i e l d i n g  s h a l l  reduce  t h e  dose  r a t e  t o  20 mrem/week 
o r  0.5 inrem/hr. However, t h e  d c s e  r a t e  i n  a  C o n t r o l l e d  . . ... 
Z o n e ' s h a l l  n o t  exceed 2 mrem/hr, 
\ 
I n  Uncrzntrolled Zones s h i ~ - ? r ? i r ~ ~ . s h a l l  be prov ided ,  a s  
neces sa ry ,  t o  reduce  t h e  dose  r z t e  t o  0 . 2  mrem/hr o r  
less. :In a d d i t i o n ,  where p e r s o  r... s o u t s i d e  d i r e c t  con- 
t r o l  may be exposed,  s h i e l d i n g  c r  a  f ence  s h a l l  be 
provided t o  i n s u r e  a g a i n s t  such pe r sons  r e c e i v i n g  an  
annua l  dose  exceeding 170 mrem. 
3 .  Exposure t o  Rad ioac t ive  Contamination 
. . 
@ Rad ioac t ive  contamina t ion  on s u r f a c e s  o u t s i d e  ~ a d i a t i o n  
Zones s h a l l  n o t  exceed 2000 d/m p e r  cm2 (5 1 0  p ~ i / c m 2 )  
f o r  beta-gamma e m i t t e r s  no r .  500 d/m p e r  1 0 0  cm2 
(5 2  p ~ i / c m 2 )  f o r  a lpha  e m i t t e r s .  
s The annua l  average  c o n c e n t r a t i o n  of ' a i r b o r n e  r a d i o a c t i v e  
m a t e r i a l s  w i t h i n  Radia,Liorl Zones a t  a l l  l o c a t i o n s  
normal ly  a c c e s s i b l e  t o  pe r sonne l  s h a l l  n o t  exceed one- 
t e n t h  of t h e  o c c u p a t i o n a l  Maximum P e r m i s s i b l e  Concen- 
t r a t i o n s  (MPC's) . 
s A l l  pe rsons  s h a l l  be  r e s t r a i n e d  by p h y s i c a l  b a r r i e r s ,  
l o c k s  01; i n t e r l o c k s  Srom e n t e r i n g  a r e a s  where concen- 
t r a t i o n s  of a i r b o r n e  r a d i o a c t i v e  m a t e r i a l s  exceeding 
1 0  t imes  t h e  o c c u p a t i o n a l  MPC's a r e  a n t i c i p a t e d .  
- , 
Persons  i n  C o n t r o l l e d  Zones o r  Uncont ro l led  Zones s h a l l  
n o t  be  exposed t o  c o n c e n t r a t i o n s  of r a d i o a c t i v e  m a t e r i a l s  
i n  a i r  o r  w a t e r  exceeding t h e  ncnoccupa t iona l  Maximum 




4 .  C l a s s i f i c a t i o n  of Rad ioac t ive  M a t e r i a l s  '. 




Beta  E m i t t e r s  - Alpha E m i t t e r s  -
9 0 ~ r  2 1 0 ~ 0  2  4 1 . ~ ~  
2 1 O ~ b  2 2 3 ~ a  243Am 
2  ~ A C  2 2 4 ~ a  2 4 2 ~ ~  
2 2 8 ~ a  2 2 6 ~ a  2 4 ::Cm 
2 3 0 ~ a  2 2 7 ~ h  24!'Cm 
2 4 lpu. 2 2 8 ~ h  2  4 ticm 
242mm 2 3 01yh 2 4 6 % ~ ~  
2 4 9 ~ k  2 3 1 ~ a  2 4 8 ~ m  
2 5 3 ~ f  230u 2 4 9 ~ f  
2 5 4 ~ s  232u 2 5 0 ~ f  
2 5 5 ~ s  23837~ 2 5 1 ~ f  
2 3 9 ~ ~  252cf 
24 O P U  
Z53ES 
Low R a d i o t o x i c i t y  
Noble Gases,  Uranium, N a t u r a l  Thorium and o t h e r  r a d i o c u l i d e s  
having a  s p e c i f i c  a c t i v i t y  less t h a n  1 x  c u r i e s  p e r  gram. 
Medium R a d i o t o x i c i t y  
A l l  o t h e r  ~ : ad ionuc l ides .  
5. C l a s s i f  i d a t i o n  of  Work S t a ' t i o n s  
v 
Areas s h a l l  be des igna t ed  a s  C l a s s  A ,  B o r  C Work S ta t ions . ,  
depending on t h e  form, q u a n t i t y ,  and r a d i o t o x i c i t y  of t h e  
\ 
unconfined r a d i o a c t i v e  m a t e r i a l  t o  be  used .  Table  I s h a l l  
be  used t o  de te rmine  t h e  c l a s s i f i c a t i o n  t o  be a p p l i e d  t o  
t h e  work s t a t i o n .  
A work s t a t i o n  where o n l y  s e a l e d  sou rces  a r e  used s h a l l  be  
c l a s s i f i e d  a s  C l a s s  C .  
. . , 
Readi ly  D i s p e r s i b l e  a s  used i n  T a b l e  I s h a l l  i n c l u d e  r a d i o -  
'' 
a c t i v e  m a t e r i a l s  i n  t h e  form of g a s e s ,  a e r o s o l s  o r  powders, ' 
pyrophor ic  r a d i o a c t i v e  m a t e r i a l s  o r  r a d i o a c t i v e  m a t e r i a l s  
', 
a s s o c i a t e d  w i t h  combus t ib les .  
D i s p e r s i b l e s  a s  used i n  Table  I s h a l l  i n c l u d e  r a d i o a c t i v e  
m a t e r i a l s  i n  t h e  form of  unsea led  non-combustibles,  l i q u i d s  
and s o l i d s .  
TABLE I 
Form ++ 
Q u a n t i t y  
. . 4 
4 
1  C 4  
CLASS OF WORK STATION -
Class  A Work 
Work S t a t i o n  
Work S t a t i o n  
H i  R a d i o t o x i  c i  t y  
R e a d i l y  D i s p e r s -  
D i  spers -  i b l  e 
i b l e  
5 I 
Class A Work 
S t a t i o n  
Class B Work 
S t a t i o n  
C lass  C Work 
S t a t i o n  
t 
Genera l  Bui ld ing  Cons ide ra t ions  
1. S i t e  Cons ide ra t ions  
A. N e w  b u i l d i n g s  s h a l l  be  l o c a t e d  s o  t h a t  normal o p e r a t i o n s ,  
i n c l u d i n g  a n t i c i p a t e d  minor acc:idents, do  n o t  a d v e r s e l y  
a f f e c t  sur rounding  b u i l d i n g s ,  and conve r se ly ,  s o  t h a t  
normal o p e r a t i o n s  i n  sur rounding  b u i l d i n g s  do  n o t  
a d v e r s e l y  a f f e c t  t h e  new b u i l d i n g .  
o Dose rates o u t s i d e  a  buildi1.1g s h a l l  n o t  exceed t h e  
gu ides  l i s t e d  f o r  Cont ro l le t i  Zones. I n  a n  a r e a  
where dose  r a t e s  exceed 0 . 2  mrem/hr, p r o v i s i o n  
s h a l l  be made ( a  f e n c e )  t o  p reven t  t h e  g e n e r a l  
p u b l i c  o r  any person  whose exposure  i s  n o t  be ing  
mrem i n  a  y e a r .  
s No f a c i l i t i e s  f o r  handl ing  uncontained r a d i o a c t i v e  
m a t e r i a l  out-of-doors  s h a l l  be pe rmi t t ed .  
e Opera t ions  t h a t  are s e n s i t i v e  t o  r a d i a t i o n  (count-  
i n g  rooms, photographic  o p e r a t i o n s ,  e t c . )  should 
be  i s o l a t e d  from and s h i e l d e d  from f a c i l i t i e s  and 
o p e r a t i o n s  which produce s i g n i f i c a n t  dose  r a t e s .  
R .  Bu i ld ings  r e q u i r i n g  t h e  r o u t i n e  movement of h igh  dose  
r a t e  m a t e r i a l s  which r e q u i r e  heavy s h i e l d i n g  should be  
s e rved  by a  r a i l r o a d  spu r .  
2.  S t a c k s  
S t a c k s  s h a l l  be a t  l e a s t  20  f e e t  h ighe r  t han  t h e  roof  of 
t h e  f a c i l i t y ,  and s h a l l  be  l o c a t e d  a t  l e a s t  20 f e e t  down 
a .  
wind ( r e f e r  t o  windrose f o r  f a c i l i i l y  l o c a t i o n )  from t h e  
a i r  i n t a k e  of t h e  f a c i l i t y  o r  a t  leas t  500 f e e t  upwind 
from t h e  a i r  i n t a k e  of an  e x i s t i n g  f a c i l i t y .  
The h e i g h t  and l o c a t i o n  of a  s t a c k  s e r v i n g  some f a c i l i t i e s  
may have o v e r r i d i n g  re.quirements based on a  s p e c i f i c  
a c c i d e n t  a n a l y s i s .  
3 .  S t r u c t u r e  
s A one-s tory  b u i l d i n g  s h a l l  be  c : ~ n s i d e r e d .  I f  o v e r r i d i n g  
c o n s i d e r a t i o n s  d i c t a t e  t h e  need f o r  a m u l t i - s t o r y  
bui,?.fiing' every  ef  fo r . t  s h . ~ ' !  I-o made t o  l o c a t e  a l l  
r a d i o a c t i v e  work s t a t i o n s  on t h s  ground o r  f i r s t  f l o o r .  
Heavy d u t y  f l o o r s  s h a l l  be  provided t o  accommodate prob- 
lems which may r e s u l t  from t h e  t r a n s p o r t i n g  of c a s k s  o r  
i n s t a l l a t i o n  of heavy s h i e l d i n g .  
0 High c e i l i n g s  should be  avoided where r e a d i l y  d i s p e r s i b l e  
r a d i o a c t i v e  m a t e r i a l s  w i l l  be used.  
4 .  ~ u i l d i n ~  Zones 
A.  A b u i l d i n g  s h a l l  be d i v i d e d  i n t o  t h r e e  zones: Rad ia t ion  
Zone, C o n t r o l l e d  Zone and Uncont ro l led  Zone. Normal 
a c c e s s  from a r e a s  o u t s i d e  t h e  b u i l d i n g  t o  a Rad ia t ion  


































































t h e  C o n t r o l l e d  Zone f o r  t h e  temporary s t o r a g e  of 
p o t e n t i a l l y  contaminated used c l o t h i n g .  
. . 
C.  ' ~ r o v i s i o n  s h a l l  a l s o  be  made f o r  s t o r a g e  of r a d i a t i o n  
moni tc r ing  survey  in s t rumen t s  t o  be used f o r  p e r s o n a l ,  
survel-  o r  r e l e a s e  of m a t e r i a l  from t h e  C o n t r o l l e d  Zone. 
5. T r a f f i c  Flow and A i r  Locks 
The normal f low of t r a f f i c  s h a l l  be  r e s t r i c t e d  t o  t h e  Uncon- 
t r o l l e d  Zclne o r  C o n t r o l l e d  Zone. .Normal t r a f f i c  p a t t e r n s  
s h a l l  no t  i n c l u d e  Rad ia t ion  Zones. Areas of h igh  p o t e n t i a l  
f o r  e i t h e r  con tamina t ion  o r  r a d i a t i o n  s h a l l  be  l o c a t e d  
o u t s i d e  ' the  normal f low of t r a f f i c .  A i r  l o c k s  s h a l l  be  
incorpora t . ed  a t  any e x i t  from a  high contamina t ion  a r e a  
direc.L to an  Uncont ro l led  Zone. 
6 .  ~ e c o n t a m i r ~ . a t i o n  a d Maintenance 
A. Fu tu rc  decontamina t ion  requi rements  s h a l l  be cons ide red  
i n  t h e  d e s i g n  .of hoods, c e l l s ,  g love  boxes,  and p roces s  
equipn~ent .  Rough s u r f a c e s ,  squa re  c o r n e r s ,  c r a c k s  o r  
oaevices, and abso rben t  materials s h a l l  be  avoided .*  
Disposab le  l i n i n g s ,  c o v e r s ,  c o a t i n g s ,  o r  e a s i l y  decon- 
t amina ted  s u r f a c e s  s h a l l  be  u t i l i z e d ,  
B. Walls and c e i l i n g s  i n  C l a s s  A o r  B work s t a t i o n s  s h a l l  
be nonporous and washable.  P a i n t s  used t o  cover  t h e s e  
s u r f a c e s  s h a l l  be  of a  q u a l i t y  t h a t  r e t a i n s  i t s  o r i g i n a l  
cove r ing  p r o p e r t i e s  when s u b j e c t e d  t o  r e p e t i t i v e  washing 
wi th  common d e t e r g e n t s .  
C. Class A or B work station floors shall be covered with 
.individual tiles. 
D .  A separate decontamination and maintenance facility 
shall be provided for any building containing more than 
ten Cl.ass A or B work stations. These facilities shall 
be considered work stations an.3 equipped as required in 
criteria for work stations. In addition, the following 
should be considered in designing the decontamination 
and maintenance facility: 
Remote visual inspection of radioactive components. 
@ Handling and transfer of major components.' 
\ 
\ 
Fhysical separ'at.ion pF. m.?.j?r activities such as 
decontamination, remote maintenance, contact 
maintenance and storage. 
E. Consideration should be given to the provision of a 
. . .  . . 
utility corridor which would aid in maintenance of 
utilities and removal of solid radioactive wastes. 
7. Radiation Protection S~ecialist Lab-Office 
A. ,Each building containing Class A or B work stations 
shall have at least a lab-office combination to 
accommodate one radiation protection specialist. 
B. For large facilities, the radiation protection special- 
ist lab-office shall be designed to accommodate 
additional personnel: 
A-11' 
C l a s s  A Work S t a t i o n  
Two'monitors f o r  t h e  f i r s t  30 r a d i a t i o n  workers p l u s  
one a d d i t i o n a l  moni tor ,  f o r  every  30 a d d i t i o n a l  r a d i a -  
t i o n  workers.  
C l a s s  B Work S t a t i o n  
Two moni tors  f o r  t h e  f i r s t  50 r a d i a t i o n  workers p l u s  
one a d d i t i o n a l  moni tor  pe r  a d d i t i o n a l  50 r a d i a t i o n  
workers .  
C l a s s  C Work S t a t i o n  
One moni tor  under some c i rcumstances .  
C .  Each lab-of f ' i ce  s h a l l  i n c l u d e  i i .minim~m of s i x  l i n e a l  
i 
\\ 
f e e t  of l a b  l ench ,  12 l i n e a l  f e e t  of open s h e l v i n g ,  
and.  one r e g u l a t e d  v o l t a g e  e l e c t r i c a l  ! . ou t l e t  f o r  every  
. \. 
two f e e t  of bench space .  Two l i n e a l  f e e t  of l a b  bench 
. and f o u r  l i n e a l  f e e t  of open s h e l v i n g  s h a l l  be added 
t o  above requi rements  f o r  each a d d i t i o n a l  r a d i a t i o n  
moni tor  provided f o r .  
D.  The r a d i a t i o n  p r o t e c t i o n  s p e c i a l i s t  l a b - o f f i c e  s h a l l  be 
l o c a t e d  a t  o r  near  t h e  e x i t  from t h e  c o n t r o l l e d  Zone. 
E .  A r eadou t  from b u i l d i n g  moni tor ing  systems should be  
provided i n  t h e  r a d i a t i o n  p r o t e c t i o n  s p e c i a l i s t  l a b -  
o f f i c e .  
8.  Work S t a t i o n  Moni tor ing F a c i l i t i e s  
Each worlc s t a t i o n  i n  which r a d i o a c t i v e  m a t e r i a L o r  a  
, r a d i a t i o n  g e n e r a t i n g  machine i s  t o  be used s h a l l  have 
a bench. o r  s h e l f  approximate ly  -;:wo squa re  f e e t  i n  a r e a  
l o c a t e d  a t  t h e  opening s i d e  of t he  door f o r  p o r t a b l e  
o r  semi-por tab le  survey instruments. 
e, An e l e c t r i c a l  o u t l e t  s h a l l  be l o c a t e d  a t  t h e  bench o r  
s h e l f .  
. . . . . . . . . .  . . . . .  
0 A s u i t a b l y  s i z e d  b u l l e t i n  board s h a l l  be  l o c a t e d  above 
t h e  bench o r  t a b l e  f o r  p o s t i n g  procedures  and i n s t r u c t i o n s .  
9 .  Dosimeter S to rage  
', 
e Sto rage  r a c k s  s h a l l  be  provided f o r  t h e  r a d i a t i o n  w o r k e r ' s  
dos ime te r s  where s p e c i a l  dos ime te r s  a r e  r e q u i r e d .  
1 0 .  P o s t i n q  
s Fixed b r a c k e t s  s h a l l  be  provided a t  each door t o  a  Con- 
t r o l l e d  Zone o r  Rad ia t ion  Zone .to a t t a c h  an  a p p r o p r i a t e  
r a d i a t i o n  warning s i g n .  The s i g n  s h a l l  be  l o c a t e d  t o  
. . . . .  - . . . .  .- 
t h e  r i g h t  of t h e  door and abou t  f i v e  f e e t  o f f  t h e  f l o o r .  
11. Personne l  Decontamination 
@ A pe r sonne l  decontamina t ion  room s h a l l  be  l o c a t e d  nea r  
t h e  change rooms o r  r e s t ' r o o m s  i n  any f a c i l i t y  con ta in -  
i n g  C l a s s  A o r  B wor'k s t a t i o n s  i n  which unsea led  r a d i o -  
a c t i v e  m a t e r i a l s  a r e  used.  
Equipment i n  t h e  pe r sonne l  decontamina t ion  room s h a l l  
I 
i n c l u d e  a t e l ephone ,  a  work bench,  an examina t ion '  
c h a i r ,  a s i n k  and shower connected t o  a  monitored sewer 
system and a s t o r a g e  c a b i n e t  f o r  decontaminat ion s u p p l i e s .  
12 .  Brea th ing  A i r  Supply System 
. . 
Design of f a c i l i t i e s  should i n c l u d e  c e n t r a l i z e d  b r e a t h i n g  
a i r  when s e v e r a l  work s t a t i o n s  r e q u i r e  t h e  o c c a s i o n a l  u s e  
of a  s p e c i a l  b r e a t h i n g  a i r  supply  f:or pe r sonne l  p r o t e c t i o n  
and when a  few work s t a t i o n s  r e q u i r e  t h e  u se  of f r e s h  a i r  
f o r  pe r sonne l  p r o t e c t i o n  f o r  perio6.s  of  s e v e r a l  hours  a t  a  
t ime.  S p e c i a l  b r e a t h i n g  a i r  supply  equipment i s  r e q u i r e d  
. . . . . . .  ... . . .  
under t h e  fo l lowing  c o n d i t i o n s :  \, 
@ . When Zaseous r a d i o a c t i v e  ,mat.n~-i.a.ls. i n  ,an occupied a r e a  
\ 
may be expected t o  exceed occup :~ t iona l  M P C ' s .  
o When a i r b o r n e  p a r t i c u l a t e  r a d i o c c t i v e  m a t e r i a l  i n  
occupied a r e a s  may be expected t-.o exceed 20 t imes  t h e  
o c c u p a t i o n a l  MPC's. 
0 When h igh  r a d i o t o x i c i t y  m a t e r i a l s  a r e  be ing  handled 
o u t s i d e  e n c l o s u r e s  such a s  hoods, g love  boxes and c e l l s  
i n  amounts exceeding 1 p C i  and i n  a form (powder, so lu -  
t i o n ,  f r i a b l e  s o l i d s ,  e t c . )  which might r e a d i l y  produce 
a i r b o r n e  contamina t ion .  
e When maintenance o r  decontamina t~ ion  may r e q u i r e  pe r sonne l  
e n t r y  i n t o '  c e l l s ,  o r  o t h e r  a r e a s  where l a r g e  amounts of 
l o o s e  r a d i o a c t i v e  m a t e r i a l  may he encounte red ,  
When a  b r e a t h i n g  a i r  system i s  provided ,  it s h a l l  m e e t  
a p p l i c a b l e  s a f e t y  s t a n d a r d s ,  which s p e c i f y  hose  coup l ing  
- 
and manifold  d e s i g n .  A i r  s u p p l i e d  s h a l l  be f r e e  of o i l ,  
wa te r  and d u s t .  Hose coup l ings  shc~uld  be provided w i t h  a  
p l a s t i c  cover  t o  p r e v e n t  con tamina t ion  from e n t e r i n g  t h e  
system. The proposed work load  w i L l  de te rmine  t h e  number 
of hose  coup l ings  which should be provided a t  each s t a t i o n ,  
. . 
b u t  s t a t i o n s  s h a l l  be  provided nea r  t h e  normal entryway. 
I n  de te rmin ing  t h e  l o c a t i o n  of s t a t i o n s ,  c o n s i d e r a t i o n  
should be g iven  t o  t h e  l e n g t h  of hose  r e q u i r e d  t o  r e a c h  
a work l o c a t i o n .  Long hoses  t e n d  1:o become t a n g l e d  and 
c o n t r i b u t e  t o  t h e  spread  of contam::.nation. S t a t i o n s  should 
be  o u t s i d e  of h i g h l y  contaminated ; t r e a s , t o  reduce  t h e  prob- 
lems of .hose coup l ing  contc7.~.j-~.?.t:,?r~. and t o  f a c i l i t a t e  
" s u i t i n g  up" .  \ 
13. M a t e r i a l  T r a n s f e r  Systems 
M a t e r i a l  t r a n s f e r  sys tems ,  such a s  t a n k s  and p i p e  l i n e s  f o r  
r a d i o a c t i v e  f l u i d s  and c a s k s  f o r  s o l i d s  o r  l i q u i d s ,  r e q u i r e  
many d e s i g n  c o n s i d e r a t i o n s .  I n  a d d i t i o n  t o  o t h e r  d e s i g n  
problems,  c o n s i d e r a t i o n  should be g iven  t o  r a d i o a c t i v e  
contamina t ion  c o n t r o l  and con t ro l '  of r a d i a t i o n  exposure  
d u r i n g  t h e  t r a n s f e r  of p r o c e s s  m a t e r i a l s  o r  maintenance 
of equipment. Remote hand l ing ,  v a l v i n g  and i n s t rumen t  
. 
r eadou t  should be des igned  f o r  work o p e r a t i o n s  i n v o l v i n g  
h igh  dose  r a t e s ,  h igh  contamina t ion  l e v e l s  and h igh  r a d i o -  
t o x i c i t y  m a t e r i a l s .  C o n s i d e r a t i o n  should be  g iven  t o  t h e  
' u s e  of overhead l i f t i n g  equipment such a s  c r a n e s  and 
monora i l s  i n  pr .eference t o  wheeled c a r t s  and c a r r y i n g  
v e h i c l e s .  P i p e  l i n e s  used f o r  t r a n s f e r  of r a d i o a c t i v e  
m a t e r i a l s  should o p e r a t e  under vacuum. The d e s i g n  needs  
t o  i n c l u d e  f i l t r a t i o n  and proper  d i s p o s a l  of was te  wate r  
from j e t s  and o f f -gases  from t h e  vacuum system. F i l t e r s  
and s c r u b b e r s  should  be used t o  p r o t e c t  t h e  vacuum pump 
from contamina t ion .  Welded connec t ions  a r e  p r e f e r r e d  t o  
screwed coup l ings .  A double  b a r r i e r  ( e . g . ,  p i p e  i n s i d e  
a p i p e )  should be  provided when it i s  neces sa ry  f o r  a 
t r a n s f e r  l i n e  t o  pas s  th rough  normal work a r e a s ;  s h i e l d i n g  
may a l s o  be r q u i r e d .  Design dose  r a t e s  a r e  d i s c u s s e d  i n  
ano the r  s e c t i o n .  F l u i d  t r a n s f e r  f a c i l i t i e s  should be  
des igned  t o  p rov ide  pos i t ive  p r o t e c t i o n  a g a i n s t  backup i n  
v a l v e  a - c tua t ing  l i n e s  o r  i n s t rumen t  s ens ing  l i n e s .  They . ..: 
1 
should a l s o  be  des igned  s o  t h a t  l i n e s  d r a i n  comple te ly  and 
t o  p reven t  i n a d v e r t e n t  p r e s s u r i z a t i o n  and f i l l i n g  of  a  por- 
t i o n  of t h e  l i n e .  T r a n s f e r  systems should  be  des igned  f o r  
ea sy  f l u s h i n g  and i n t e r n a l  c l e a n i n g .  P a r t i c u l a r  a t t e n t i o n  
should  be  g iven  t o  t h e  c o n t r o l  of r a d i o a c t i v e  m a t e r i a l s  
. . 
' I ,  
which might be spread  when temporary connec t ions  a r e  broken.  
P r e s s u r i z e d  t r a n s f e r  systems a r e  t o  be  avoided;  however, 
when it i s  neces sa ry  t o  d e s i g n  a  p r e s s u r i z e d  system, extreme 
c a r e  should be used i n  d e s i g n  t o  a s s u r e  c o n t r o l  of  r a d i o -  
a c t i v e  m a t e r i a l s  from l e a k s  and a t  p o i n t s  where connec t ions  
may be broken.  An a u x i l i a r y  p r o t e c t i v e  b a r r i e r  should  be  
prov ided  f o r  a l l  such systems.  
Design features for the movement of solids, casks, bottles, 
and boxes should make it convenient to keep the outside 
. 
surface free of radioactive contamination. Transfer of 
materials into and out of a radioactively contaminated 
area should be designed to take place through an air lock. 
\ 
This not cnly reduces the transfer of contamination with 
the parcel, but also reduces the disturbance of the air 
balance necessary to control contamination in the contam- 
inated work zone. Decontamination, wrapping or coating may 




Solid Wast.e Disposal System 
All radioactive wastes are to be buried at approvied dis- 
posal sites. The design needs to, therefore, provide for 
the accumclation, storage and handling of'solid wastes 
compatible with acceptable transportation to disposal sites. 
Design may need to include design of casks or other special 
equipment to facilitate handling and transport of solid 
wastes.' Solid wastes may include small volumes of liquids 
made compatible with solid waste requirements by being 
packed in or absorbed in an absorbent material. .Waste 
handling equipment may need to include hoists, cranes, 
remote handling equipment, or packaging facilities. Facil- 
itkes provided for waste handling need to meet the same 
criteria for control o£ radiation exposure and contamination 
as to all other work stations during storage, transport 
and d i s p o s a l .  Seg rega t ion  of non - rad ioac t ive  and r a d i o -  
a c t i v e  was te  i s  impor t an t  t o  reduce  o p e r a t i n g  c o s t s .  
@ Design of f a c i l i t i e s  should  p rov ide  f o r  s e g r e g a t i o n  
of was t e s ,  s t o r a g e  and p r e p a r a t i o n  f o r  t r a n s p o r t  
and b u r i a l .  
e Waste packages having a  dose  r a t e  l e s s  t h a n  1 0 0  mrem/hr 
a t  t h e  s u r f a c e  may be handled by r o u t i n e  procedures .  
Design may need t o  - provide  s h i e l d i n g  a t  t h e  s t o r a g e  
- 
l o c a t i o n .  
e Sh ie lded  sh ipp ing  c a s k s  should be prov ided  f o r  w a s t e  
packages having a  dose  r a t e  g r e ~ t e r  t h a n  150 mrem/hr 
a t  10  f e e t .  
o The o u t s i d e  s u r f a c e s  of a l l  was te  shipments need t o  be 
f r e e  of l o o s e  contamina t ion .  Design s h o u l d  i n c l u d e  
f a c i l i t i e s  f o r  packaging and decontamina t ion  i f  t h e s e  
a r e  r e q u i r e d .  
0 M a t e r i a l s  which may c o n s t i t u t e  a n  e x p l o s i v e  o r  f i r e  
hazard n e e d ' t o  r e c e i v e  s p e c i a l  a t t e n t i o n  and need t o  
t h e r e f o r e  be s eg rega t ed  from r a d i o a c t i v e  was t e s .  
Air Supply and Exhaust System 
* 
I.. Air Supply System 
The air supply rate shall be lower than the exhaust rate 
in Radiation and Controlled Zones. Exhaust control 
dampers shall fail to the open position. ,Supply control 
dampers shall.faj-1 to the closed position. 
@ Exhaust duct work shall be designed with sufficient 
stiffeners to withstand the full differential when the 
supply control dampers fail closed. 
e The ventilation rate in Radiation and Controlled Zones 
4 ,  
where uncontained radioactive materials are handled in 
hoods shall be 8 to 15 air changes per hour. ' 
\ 
, 
o Adequate intake air filters shall be provided to minimize 
dust in work areas and to reduce dust loading on exhaust 
filters. 
8 Air balance shall be designed to assure air movement from 
non-radioactive areas to moderately or occasionally con- 
taminated zones and then to highly contaminated or high 
/ 
risk zones. Supply fans should automatically cut out when 
there is insufficient exhaust fan capacity in service. 
Alarms shall be provided to signal loss of proper air 
Air pressure differentials between uncontaminated and 
contaminated areas shall be between 1/10 and 1/4 inch 
of  wa te r .  P r e s s u r e  d i f f e r e n t i a l s  between 1 / 4  and 1 i n c h  
of  wate r  s h a l l  be main ta ined  between moderate ly  o r  
o c c a s i o n a l l y  contaminated a r e a s  and h i g h l y  contaminated 
a r e a s  (hoods, c e l l s ) .  A i r  p r e s s u r e  s h a l l  be n e g a t i v e  
w i t h  r e s p e c t  t o  atmosphere i n  a l l  a r e a s  excep t  o f f i c e s ,  
a r e a s  and zones where r a d i o a c t i v e  m a t e r i a l s  a r e  n o t  
a l lowed.  Normally, a i r  l o c k s  should be used t o  i n s u r e  
- 
maintenance of p roper  d i f f e r e n t i a . 1 ~ .  
CP Open f aced  hoods may have an a d j u . s t a b l e  f r o n t  opening.  
The l i n e a r  a i r  v e l o c i t y  th rough  t h e  hood opening s h a l l  
' 
be 150 - + 25  f t /min .  The hood f r o n t  s h a l l - b e  des igned  
f o r  smooth, eddy f r e e  a i r  f low a ~ d  f o r  p r o t e c t i o n  from 
back d r a f t s  caused by mot ions  of workers and o b j e c t s  
i n  t h e  room. 
2 .  R e c i r c u l a t i n g  A i r  Systems 
\ 
e P a r t i c u l a r  c a r e  should be  e x e r c i s e d  i n  t h e  d e s i g n  of 
r e c i r c u l a t i n g  a i r  systems f o r  a r e a s  where r a d i o a c t i v e  
m a t e r i a l s  w i l l  be handled t o  i n s u r e  removal of a i r b o r n e  
, ' 
r a d i o a c t i v e  m a t e r i a l s .  The system s h a l l  be des igned  t o  
supply  a i r  a t  c o n c e n t r a t i o n s  less t h a n  nonoccupa t iona l  
MPC's. 
s P r o v i s i o n  s h a l l  be made f o r  sampling r e c i r c u l a t e d  a i r  
downstream of f a n s  and f i l t e r s .  Ins t rumented moni tor ing  
w i t h  a la rms  and au tomat ic  dampers t o  supply  c l e a n  a i r  
and exhaus t  contaminated a i r  s h a l l  be  provided where 
c o n c e n t r a t i o n s  exceeding o c c u p a t i o n a l  MPC's might occur .  
• R e c i r c u l a t i n g  a i r  s;:. 
r a d i o t o x i c i t y  mate:c: 
provided wi th  two l3.j.: 
f i l t e r  k.anks. i n  sex:j . 
exhaus t  v e n t  a t  t 1 . i ~  ..
be i n t r ~ ~ d u c e d .  
e HEPA ano c h a r c o a l  f 5 . .  :, 
i n s t a l l ~ . t i o n .  Saq::l . . 
s h a l l  be  provided $1: 
3 .  Exhaust Air Svsterns 
A. A u x i l i a r y  back~7.p E:; 
i n s t a l l  ed t o  prcy.~j..il 
o r  power f a i l u r e .  
B. D u c t s  h7hich may ca;: 
p a s s  th rough  Uncon.2.- 
should be  g iven  %; 
from maintenance or. . : 
C .  F i l t r a t i o n  and t~:e::. 
3 
. iS Z? 1: . t h a t  b u i l d i n g  er' 
nonoccupational.  I4jl1(; 
r i a l s  a r e  being hs.:;::. 
. become . a i r b o r n e ,  e4.. 
double  f i l t r a t i o n  s :  
rooms where h igh  
.? a i r b o r n e  s h a l l  be  
p a r t i c u l a t e  a i r  (HEPA) 
":ch needs t o  be i n  t h e  
::borne a c t i v i t y  might 
.? t e s t e d  i n  p l a c e  a f t e r  
- . n j e c t i o n  nozz l e s  
-,sequent r o u t i n e  t e s t i n g .  
mper c o n t r o l s ' s h a l l  be 
:?low dur ing  shutdown 
. . 
m a t e r i a l s  should  n o t  
S p e c i a l  a t t e n t i o n  
contamina t ion  sp read  
., designed t o  ensu re  
'-:::ations w i l l  n o t  exceed 
'11 r a d i o t o x i c i t y  mate- 
i.n which t h e y  might 
:(:?ly o r  a c c i d e n t a l l y ,  
red even though a  . s i n g l e  
f i l t e r  would sa t is : ' "  
D .  HEPA F i l t e r s  s h a l l  be  used i n  exhaus t  systems f o r  re- 
s t r a i n i n g  p a r t i c u l a t e  m a t e r i a l  and c h a r c o a l  f i l t e r s  
s h a l l  be u s e d .  i n  exhaus t  systems f o r  r e s t r a i n i n g  r a d i o -  
i o d i n e .  
E .  HEPA (and c h a r c o a l ,  i f  needed) f i l t e r s  s h a l l  be prov ided  
i n  vacuurn.systems, c e l l s ,  hoods, g love  boxes and room 
i - 
exhaus t s  t o  p rov ide  primary removal near  t h e  sou rce ,  
i f  r a d i o a c t i v e  m a t e r i a l s  a r e  t o  be handled i n  a  way 
i n  which t h e y  might become a i r b o r n e ,  e i t h e r  d e l i b e r a t e l y  
o r  a c c i d e n t a l l y .  Design should make replacement  of such 
f i l t e r s  easy  and a l s o  f a c i l i t a t e  contamina t ion  c o n t r o l  
d u r i n g  rep lacement ,  e s p e c i a l l y '  when heavy load ing  wi th  
'\ 
r a d i o a c t i v e  m a t e r i a l  i s  a n t i c i p a t e d .  ; 
\ 
\ 
F. P ro t ec t . i on  of  t h e  environment should be maximized by 
i n s t a l l i n g  HEPA (and c h a r c o a l  f i l t e r s ,  i f  needed) nea r  
t h e  exkaus t  f a n s  t o  i n t e r c e p t  m a t e r i a l s  which may have 
accumulated i n  t h e  d u c t  work o r  which may have escaped 
when upstream f i l t e r s  were be ing  changed o r  were damaqed. 
G .  HEPA and c h a r c o a l  f i l t e r s  s h a l l  be  t e s t e d  i n  p l a c e  a f t e r  
i n s t a l l a t i o n .  Sample probes  and i n j e c t i o n  nozz l e s  s h a l l  
be prov ided  i n  o r i g i n a l  c o n s t r u c t i o n  t o  f a c i l i t a t e  t h i s  
and subsequent  r o u t i n e  t e s t i n g .  
Water Supply and Sewer Systems 
1. Water Supply Systems 
. S a n i t a r y  wate r  s h a l l .  be  prov ided  i n  Radia t ion  Zones on ly  
f o r  s a f e t y  showers and f i r e  p r o t e c t i o n  s p r i n k l e r  sys tems.  
Drinking f o u n t a i n s  s h a l l  n o t  be l o c a t e d  i n  Rad ia t ion  Zones. 
Drinking f o u n t a i n s  should  be l o c a t e d  i n  C o n t r o l l e d  Zones, 
i n  change rooms, i n  personne l  decontaminat ion rooms and 
i n  co r r . i do r s  where contaminat ion can be c o n t r o l l e d  excep t  
f o r  o c c a s i o n a l  a c c i d e n t s .  
@ Process  wate r  s u p p l i e d  t o  r a d i o a c t i v e  p roces ses  and Radia- 
t i o n  Zones s h a l l  be i s o l a t e d  frcm s a n i t a r y  wate r  sys tems,  
e i t h e r  by s e p a r a t e d  system such a s  a ' t a n k  and pump o r  by 
I 
'1 
an approved back f low prevente r . .  
'\ 
\'. 2 .  Waste Water Sewers 
A.  General  
e Drains ,  sewers ,  c a t c h  t a n k s ,  e t c . ,  a s  r e q u i r e d  s h a l l  be 
provided t o  f a c i l i t a t e  s e g r e g a t i o n  and cont inuous  con- 
t r o l  of l i q u i d  waste  s t r eams ,  and t o  s i m p l i f y  sa.mpling, 
moni tor ing  and d i v e r s i o n .  S inks  and d r a i n  l i n e s  s h a l l  
be l a b e l e d  t o  i n d i c a t e  t o  which sewer system they  a r e  . . 
l i n k e d .  
e Backflow of a i r  th rough  sewer l i n e s  s h a l l  be prevented  
by use  of s e a l s  o r  s u c t i o n  f a n s .  
a C l a s s  A work s t a t i o n s  and a d j a c e n t  a r e a s  which might 
r e c e i v e  t h e  e f f e c t s  of a  s p i l l  o r  an a c c i d e n t a l  r e l e a s e  
s h a l l  be s e rved  on ly  by a  contaminated sewer o r  a  h igh  
l e v e l  waste  t a n k .  
@ Grav i ty  f low should  be u t i l ' i z e d  f o r  t h e  t r a n s f e r  of . 
l i q u i d  was te .  
B .  S a n i t a r y  Sewers 
o Rad ia t ion  Zones s h a l l  n o t  co l l t a in  s i n k s  equipped wi th  - 
d r a i n s  connected t o  a  s a n i t a r y  sewer.  
s The d i s c h a r g e  of p roces s  waste t o  any s a n i t a r y  sewer 
i s  n o t  p e r m i t t e d  by t h e s e  c r i t e r i a .  
@ S a n i t a r y  sewer l i n e s  shou?? n o t  p a s s  t h rcagh  a r n a c  ~.r9.ere 
r a d i o a c t i v e  contamina t ion  i s  expected.  
- .  . . . .  .. - - 
. . .  -.. . . . . . . . . - . - - - .- . . . -. . . . - - - . . 
C.  . Process  Waste Sewer 
P roces s  sewers s h a l l  be equipped wi th  a  sampling system 
which p rov ides  a  r e p r e s e n t a t i v e  sample of t h e  waste .  
@ Proces s  sewers s h a l l  n o t  be provided i n  C l a s s  A o r  
C l a s s  B work s t a t i o n s  o r  i n  a d j a c e n t  a r e a s  which might  
become a c c i d e n t a l l y  contaminated.  P a r t i c u l a r  a t t e n t i o n  
should  be p a i d  t o  f l o o r  d r a i n s ,  j a n i t o r  s i n k s ,  p roces s  
equipment,  and pe r sonne l  decontaminat ion s t a t i o n s  which 
might r e c e i v e  r a d i o a c t i v e  m a t e r i a l s  e i t h e r  th rough  
normal u se  o r  by a c c i d e n t .  
D.  Re ten t ion  Sewer 
e Cooling wate r  and o t h e r  normal ly  non- rad ioac t ive  waste  
wate r  from C l a s s  A o r  C l a s s  B work s t a t i o n s  o r  a d j a c e n t  
area.s  should  be d i scha rged  t o  a  r e t e n t i o n  sewer. 
A moni tored waste  system w i t h  d i v e r s i o n  c a p a b i l i t i e s  
s i m i l a r  t o  t h e  r e t e n t i o n  sewer s h a l l  be prov ided  f o r  
t h e  d i s p o s a l  of normal ly  non- rad ioac t ive  waste  wate r  
from Clas s  A o r  C l a s s  B work s t a t i o n s  and a d j a c e n t  
a r e a s  which might become a c c i d e n t a l l y  contaminated.  
. 0 Connection t o  t h e  r e t e n t i o n  sewer o r  o t h e r  moni tored 
wasze system s h a l l  n o t  be prov ided  f o r  t h e  normal 
dis ;?osal  of r a d i o a c t i v e  waste  o r ,  where a c c i d e n t a l  
r e l e a s e  of more than  1 c u r i e  of a'ny r a d i o n u c l i d e  
might occur .  
E. Contaminated Sewer 
A contaminated waste  system s h a l l  be prov ided  t o  
r e c e i v e  d e l i b e r a t e  d i s p o s a l  of r a d i o a c t i v e  aqueous 
was tes  i n  amounts l e s s  t han  2 0 0  c u r i e s  and was tes  
from a c c i d e n t a l  s p i l l s ,  equipment and s u r f a c e  decon- 
t amina t ion ,  and d i v e r s i o n  from t h e  moni tored waste  
system when t h a t  i s  r e q u i r e d .  
0 Where a  c e n t r a l  contaminated sewer system i s  n o t  pro- 
v ided ,  f a c i l i t i e s  s h a l l  be prov ided  t o  adequa te ly  
handle  such was t e s  a s  a r e  g e n e r a t e d  and t o  p rec lude  
i n a d v e r t e n t  d i s p o s a l  of contaminated waste t o  sewer 
s y s t e m s . n o t  des igned  f o r  p roper  c o n t r o l .  
e Where a  c e n t r a l  contaminated sewer system i s  provided  
t h a t  system s h a l l  be d i scha rged  t o  t h e  Contaminated 
Waste Sewer. 
F i x t u r e s ,  equipment, and p ip ing  used f o r  d i s p o s a l  of 
r a d i o a c t i v e  waste  s h a l l  be of m a t e r i a l s  t h a t  a r e  h i g h l y  
r e s i s t a n t  t o  c o r r o s i v e  a g e n t s ,  i n c l u d i n g  t h o s e  which 
may be in t roduced  t o  t h e  system f o r  decontaminat ion.  
S t a j -n l e s s  s t e e l  should  be used f o r  p ip ing  and equipment;  
s i n k s  of s t a i n l e s s  s t e e l  o r  v i t r e o u s  ch ina  should  be 
used.  S t a i n l e s s  s t e e l  p ipe  and f i t t i n g s  s h a l l  be welded 
-. 
a t  a l l  j o i n t s .  Su r f aces  of  s i n k s  and p i p i n g  s h a l l  be 
smooth and f r e e  of a b r u p t  bends b r  d e p r e s s i o n s  which may . 
a l low accumulat ion of s o l i d s .  Where p a r t i c u l a t e  m a t e r i a l ,  
such a s  g r i n d i n g s  and c u t r i e g s  may be encounte red ,  tile 
waste wate r  s h a l l  be f i l t e r e d  b e f o r e  it e n t e r s  t h e  con- 
t amina ted  waste system. 
a Waste f low from sou rce  o r  o r i g i n  t o  t h e  s t o r a g e  o r  d i s -  
p o s a l  l o c a t i o n  s h a l l  be by g r a v i t y .  The consequences 
of  con tamina t ion  spread  s h a l l  be e v a l u a t e d  by competent  
r a d i a t i o n  p r o t e c t i o n  pe r sonne l  b e f o r e  committ ing t h e  
des ign  of a  r a d i o a c t i v e  waste  system t o  t h e  use of 
positive prcoaurco i n  c l t o c ~ c  of 10 f t  of islator. Tho 
h igh  c o s t  of pump maintenance i n  h igh  dose r a t e  a r e a s  
should  a l s o  be cons ide red .  
Contaminated waste  l i n e s  should  n o t  pas s  th rough  a r e a s  
w i t h i n  a b u i l d i n g  which a r e  n o t  planned t o  be Rad ia t ion  
Zones. 
e Norrna1,maintenance p o i n t s  such a s  c l e a n o u t s  should  be 
des igned  and l o c a t e d  wi th  contamina t ion  c o n t r o l  i n  
mind. Ease of maintenance should  be cons ide red  i n  
des ign ing  a contaminated waste  system. 
3 .  High Level  Wastes 
@ S p e c i a l  t a n k s  o r  o t h e r  system s h a l l  be prov ided  f o r  t h e  
d i s p o s a l  of q u a n t i t i e s  of r a d i o a c t i v e  m a t e r i a l s  exceeding  
\ 2 0 0  c u r i e s .  
\ 
! i
A vacuum -.* system ( j e t s  may be used)  s h a l l  be prov ided  t o  
r a i s e  w.3stes w i t h  h i g h  dose  r a t e s  i n t o . , s h i e l d e d  c a s k s  
f o r  t ra : . l spor t .  I n  no ' c a s e  s h a l l  such l i q u i d  s t r eams  be 
p u t  under p o s i t i v e  p r e s s u r e .  
@ ~ndergre3und p i t s  c o n t a i n i n g  waste s t o r a g e  t a n k s  s h a l l  be 
equipped w i t h  sumps c o n t a i n i n g  a larm moni tors  t o  i n d i -  
c a t e  l e a k s  o r  s p i l l s .  Such sumps and h igh  l e v e l  systems 
s h a l l  n o t  be connected t o  any o t h e r  waste  system. 
Radioactiv-e Work S t a t i o n s  
1. C l a s s  A Work S t a t i o n s  
a Class  .A work s t a t i o n s  s h a l l  be l o c a t e d  i n s i d e  a  Rad ia t ion  
Zone. 
M a t e r i a l s  of c o n s t r u c t i o n  s h a l l  he c o r r o s i o n  r e s i s t a n t  
and i n c i ~ m b u s t i b l e .  
e Work s t a t i o n s  s h a l l  be equipped wi th  a  c l o s e d  hood o r  c e l l .  
e Supply a i r  t o  a  hood o r  c e l l  s h a l l  be f i l t e r e d  through a  
h i g h  e f  Z ic iency  p a r t i c u l a t e  a i r  (HEPA) f i l t e r  f o r  pos i -  
. . 
t i v e  prl?vention of sp read  of con tamina t ion .  
i 
i 
e Exhaust  a i r  s h a l l  be f i l t e r e d  i n  t h e  hood o r  c e l l .  
. . 
, 
@ Work s t a t i o n s  s h a l l  be equipped wi th  contaminated sewer 
e Prov i s i :m  s h a l l  be made f o r  t h e  temporary s t o r a g e  of 
s o l i d  w l s t e  a t  each  work s t a t i o n .  
. . 
@ A l l  p i p i n g ,  va lve  s tems,  d r i v e  s h a f t s ,  e t c . . ,  s h a l l  have 
an a i r  t i g h t  e n t r a n c e  th rough  a  r i g i d  (meta l  o r  c o n c r e t e )  
p o r t i o n  of t h e  hood o r  c e l l .  Back f low of r a d i o a c t i v e  
m a t e r i a l s  i n t o  p ip ing   hall be provontod.  
I n s e r t i o n  and removal of m a t e r i a l s  th rough  bags o r  
s p h i n c t e r s  s h a l l  be p r e f e r r e d .  A i r  l o c k s  may be used i f  
neces sa ry ,  b u t  a r e  cons ide red  l e s s  d e s i r a b l e .  
. . 
8 I f  hood g loves  a r e  p rov ided ,  double  r i n g  s e a l s  s h a l l  be 
. r e q u i r e d .  A l l  equipment should be w i t h i n  ea sy  r e a c h  of 
g loves .  
o Motors, pumps, v a l v e s ,  e t c . ,  s h a l l  be con ta ined  i n  c a b i n e t s  
which a r e  e a s y  t o  decontaminate .  
S e r i e s  of hoods should  be compar.tmentalized i n t o  s e v e r a l  
smal l  a r e a s  s o  t h a t  a  con tamina t ion  sp read  i s  con f ined  t o  
a  smal l  a r e a .  
2 .  C l a s s  B Work S t a t i o n s  
t 





0 M a t e r i a l s  of c o n s t r u c t i o n  should  be c o r r o s i o n  r e s i s t a n t  
\ 
and incombus t ib le .  
@ Work s t a t i o n  s h a l l  be equipped w i t h ,  a t  l e a s t ,  an  open 
f a c e d  hood. 
@ Waste wate r  l i n e s  s h a l l  be r o u t e d  t o  a  sewer des igned  
t o  a c c e p t  r a d i o a c t i v e  waste  i n  t h e  q u a n t i t i e s  a n t i c i p a t e d .  
- 3 .  C l a s s  C Work S t a t i o n s  
@ Class  C work s t a t i o n  need n o t  be l o c a t e d  i n s i d e  a  Radia- 
t i o n  Zone. However, r a d i o a c t i v e  m a t e r i a l  s h a l l  be l o c a t e d  
w i t h i n  a  Rad ia t ion  Zone which, i n  t h i s  c a s e ,  may c o n s t i t u t e  
on ly  a  p a r t  of t h e  work s t a t i o n .  
A i r  e x h a u s t  nea r  t h e  work s t a t i o n  s h a l l  be adequa te  t o  
ma in t a in  c o n c e n t r a t i o n s  of r a d i o a c t i v e  m a t e r i a l s  i n  
b r e a t h i n g  zones below occupa t iona l  MPC's. 
d Exhaust  a i r  s h a l l  be f i l t e r e d .  
e '  waste  wate r  s h a l l  be r o u t e d  t o  a  sewer des igned  t o  a c c e p t  
r a d i o a c t i v e  waste  i n  t h e  q u a n t i t i e s  an t ic - ipa ted .  
4 .  S to rage  F a c i l i t i e s  
P l ans  f o r  s t o r a g e  of more than  300 C i  of r a d i o a c t i v e  
m a t e r i a l  a t  a  c o n c e n t r a t i o n  exceeding 1 0 0  pCi/g s h a l l  be 
reviewed by t h e  r a d i a t i o n  p r o t e c t i o n  s p e c i a l i s t .  
@ High r a d i o t o x i c i t y  m a t e r i a l s  s h a l l  be s t o r e d  i n  c o n t a i n e r s  
1 
o r  facilities prov id ing  a t  least-: two b a r r i e r s  t o  p reven t  
1 
t h e  l o s s  of c o n t r o l  of m a t e r i a l .  The b a r r i e r s  s h a l l  be  
des igned  t o  prov ide  containment  a t  a l l  t imes when t h e  
m a t e r i a l  i s  i n  t r a n s i t  o r  s t o r e d  o u t s i d e  a  s u i t a b l e  
work s t a t i o n  a s  d e s c r i b e d  above. 
~ e d i u m  r a d i o t o x i c i t y  m a t e r i a l s  s h a l l  be s t o r e d  i n  con- 
1 
. t a i n e r s  o r  f a c i l i t i e s  p r e s e n t i n g  a t  l e a s t  one b a r r i e r  t o  
l o s s  of c o n t r o l  of t h e  m a t e r i a l .  The b a r r i e r  s h a l l  be 
des igned  t o  prov ide  containment  a t  a l l  t imes  when t h e  
m a t e r i a l  i s  i n  t r a n s i t  o r  s t o r e d  o u t s i d e  a  s u i t a b l e  work 
s t a t i o n  a s  d e s c r i b e d  above. 
e Sepa ra t e  s t o r a g e  f a c i l i t i e s  s h a l l  be provided f o r  a l l  
1 
C l a s s  A work s t a t i o n s  where more than  . 300 C i  of m a t e r i a l  
w i l l  accumulate ,  and f o r  s t o r a g e  of c a s k s  o r  o t h e r  t r a n s -  
f e r  v e s s e l s  used o u t s i d e  t h e  work s t a t i o n s .  S to rage  
f a c i l i t i e s  f o r  contaminated t o o l s  and equipment shou ld  
be prov ided  i f  such f a c i l i t i e s  w i l l  a i d  i n  keeping work 
i 
s t a t i o n s  u n c l u t t e r e d .  
5 .  S to rage  of Sea led  Sources  
0 Encapsu la ted  ( s e a l e d )  sou rces  ~ h z l l  be s h i e l d e d  a s  
. neces sa ry  t o  i n s u r e  t h a t  no person  i s  s u b j e c t e d  t o  more 
than  0 . 2  mrem/hr i n  r o u t i n e l y  occ:upied l o c a t i o n s .  
Unauthorized a c c e s s  t o  s h i e l d e d  sou rces  s h a l l  be pre-  
ven ted .  Cons idera t ion  should be g iven  t o  d e t e c t i o n  and 
. c o n t r o l  of r a d i o a c t i v e  m a t e r i a l  i n  -case  of f a i l u r e  of 
\ ,  '\ 
e n c a p s u l a t i o n .  
e The source  s t o r a g e  e n c l o s u r e  should  be l o c a t e d  n e a r  t h e  
p o i n t  of u se  t o  reduce t h e  exposure  of personne l  du r ing  
t r a n s f e r  of sou rces .  
6 Sepa ra t e  compartmenfs should be prov ided  f o r  d i f f e r e n t  
t ypes  of sou rces .  The s h i e l d i n g  provided  by t h e  i n d i -  
v i d u a l  compartments and t h e  e n c l o s u r e  a s  a  whole should  
minimize t h e  dose r a t e  t o  a  person s t a n d i n g  i n  f r o n t  of 
\ . .  4. t h e  e n c l o s u r e .  
6 .  Sh ie lded  Work S t a t i o n s  
Sh ie lded  work s t a t i o n s  s h a l l  meet t h e  r a d i o l o g i c a l  
c r i t e r i a  f o r  a  C o n t r o l l e d  Zone, a s  w e l l  a s  o t h e r  
c r i t e r i a  p e r t a i n i n g  t o  C la s s  A ,  I: o r  C work s t a t i o n s  
which apply  i f  t h e  r a d i o a c t i v e  m a t e r i a l  .is n o t  con- 
t a i n e d  w i t h i n  t h e  s h i e l d .  
o W a t e r - f i l l e d  c a n a l s ,  pools  o r  pi i ls  may be used f o r  
handl ing  o r  stoiage. .Radioactive! m a t e r i a l s  handled o r  
s to red ,  t h i s  way s h a l l  be  l i m i t e d  t o  i n s o l u b l e  s o l i d s  
o r  encapsu la t ed  i t ems .  Accident i l l  s iphoning  o r  empty- 
i n g  of wate r  s h a l l  be prevented .  A c c i d e n t a l  exposure  
t o  underwater i t ems  by removal 0:: m a t e r i a l s  from t h e  
\I 
water  s h a l l  be  prevented  by a p p r o p r i a t e  p h y s i c a l  
j. 
r e s t r a i n t s .  Bas ins  and s i m i l a r  : ?ac iYi t . i es  should  be 
l i n e d  o r  p a i n t e d  t o  f a c i l i t a t e  dc2contamination. The 
wate r  should be c i r c u l a t e d  through f i l t e r s  and i o n  
exchange beds f o r  decontaminatiol l  and wate r  c l a r i t y .  
7. Rad ia t ion   ene era tin^ Machines and Large sou rce  I n s t a l l a t i o n s  
e Design of f a c i l i t i e s  f o r  t h e  use  of r a d i a t i o n  g e n e r a t i n g  
machines,  p a r t i c l e  a c c e l e r a t o r s ,  o r  l a r g e  s o u r c e s  s h a l l  
be reviewed by t h e  Radia t ion  P r o t e c t i o n  S p e c i a l i s t .  
Radia t ion  Monitoring Systems 
1. C e n t r a l  Moni tor ing Pane l  
e A.bu i ld ing  c o n t a i n i n g  C l a s s  A o r  B work s t a t i o n s  s h a l l  
'L be s u p p l i e d  wi th  a  c e n t r a l  moni tor ing  pane l  f o r  me te r s ,  
r e c o r d e r s  and annunc ia to r s .  
e A ce'ntre.1 read-out  pane l  f o r  au toma t i c  moni tor ing  
i n s t r u m e n t a t i o n  should  be  prov ided  i n  t h e  Rad ia t ion  
'>.' 
\ 
P r o t e c t i o n  S p e c i a l i s t  o f f i c e .  
2 .  Remote Arez Monitoring 
@ Remote z r e a  r a d i a t i o n  moni tor ing  systems ' s h a l l  be 
provide& f o r  any a r e a  where dose r a t e s  t o  personne l  
',, 




. B High l e v e l  a la rms  s h a l l  be prov ided  f o r  any a r e a  where 
. . . . 
doses  t c ~  pe r sonne l  i n  e x c e s s  of 1 0  r e m  may be p o s s i b l e .  
Q The remc.te a r e a  moni tor ing  system s h a l l  meet performance 
c r i t e r i c  e s t a b l i s h e d  by t h e  r a d i a t i o n  p r o t e c t i o n  s p e c i a l i s t .  
@ Automatic dose r a t e  a la rms  s h a l l  be prov ided  a t  r o u t i n e l y  
occupied work l o c a t i o n s  and s h a l l  be a d j u s t a b l e  t o  a larm 
over  t h e  range of t h e  d e t e c t o r s .  
. .  . 
6 The r a d i a t i o n  moni tor ing  system s h a l l  i n d i c a t e  t h e  
r a d i a t i o n  dose  r a t e  from remote s t a t i o n s  on a  read-out  














































































































































a Areas occupied by pe r sonne l  where c o n c e n t r a t i o n s  of 
a i r b o r n e  r a d i o n u c l i d e s  a r e  expec ted  t o  exceed occupa- . 
t i o n a l  M P C 1 s  s h a l l  c o n t a i n  a s e n s i t i v e  au tomat ic  
a larming dev ice  which s ' h a l l  a larm when t h e  a i r b o r n e  
c o n c e n t r a t i o n  e q u a l s  o r  exceeds  1 0  o c c u p a t i o n a l  M P C 1 s ;  
t h e  maximum a l lowkble  i n t e r v a l  f o r  t h e  a la rm t o  respond 
s h a l l  be l e s s  t han  two hours .  
Q Fixed room a i r  samplers  may be o p e r a t e d  by vacuum 
f u r n i s h e d  from a  c e n t r a l  vacuum system o r  by i n d i v i d u a l  
samplers .  The c a p a c i t y  of t h e  vacuum system s h a l l  be 
capable  of p rov id ing  a  p r e s s u r e  d.rop e q u a l  t o  twenty 
inches  c.f wa te r  a t  each  sampiing head when a l l  sampling 
't. 
heads iri t h e  system a r e  i n  s imul taneous  use .  
i 
Q The cen t . ra1  a i r  sample vacuum system s h a l l  be s e p a r a t e  
from t h e  vacuum system main ta ined  f o r  o t h e r  f a c i l i t y  
6 .  Bui ld ing  A i r  Balance Alarms 
Q ~ ~ p r o ~ r i a t e  a n n u n c i a t o r s  s h a l l  be prov ided  t o  s i g n a l  
t h e  l o s s  of b u i l d i n g  a i r  ba lance .  These s h a i l  a la rm 
i n  a  con t inuous ly  occupied l o c a t i o n .  
7 .  Door A l a r ~ r ~ s  
@ Except f o r  t h e  main e n t r a n c e ,  a n n u n c i a t o r s  should  be 
prov ided  on a l l  doors  l e a d i n g  t o  t h e  o u t s i d e  of b u i l d -  
i ng  c o n t a i n i n g  C l a s s  A and C la s s  B work s t a t i o n s .  
. . 
Annunciators  s h a l l  s i g n a l  t h e  f a c t  t h a t  doors  a r e  
open and t h a t  a  b reach  i n  t h e  contamina t ion  c o n t r o l  
system e x i s t s .  These s h a l l  I alarm a t  a  c e n t r a l  pane l  
which may be i n  t h e  ~ a d i h t i o n  P r o t e c t i o n  S p e c i a l i s t  
o f f i c e  o r  a  c e n t r a l  c o n t r o l  room. 
B 
8. Exhaust  A i r  Moni tor ing 
s Prov i s ion  s h a l l  be made t o  sample a i r  i n  a l l  v e n t s  
and s t a c k s  exhaus t ing  a i r  from a r e a s  which i n c l u d e  
C la s s  A ,  B o r  C work s t a t i o n s . -  
Q C-ontinuous a i r  moni tor ing  in s t rumen t s  s h a l l  be i n s t a l l e d  
. .  , 
wher'e r e l e a s e s  exceed nonoccupat-i.ona1 M P C ' s  may occu r  
\ 
a s  a  r e s u l t  of an  a c c i d e n t .  \. . . . . 
e A sampling probe s h a l l  be i n s t a l l e d  where cont inuous  
sampling i s  r e q u i r e d .  The sampler nozz l e  s h a l l  be 
p o s i t i o n e d  p a r a l l e l  t o  t h e  a x i s  of t h e  s t a c k  w i t h  i t s  
open end p o i n t e d  upstream. The a c c e s s  p o r t  through 
which t h e  sampling probe i s  i n s e r t e d  s h a l l  be equipped 
t o  pe rmi t  c ross -duc t  sampling du r ing  i n i t i a l  o p e r a t i o n  
t o  permi t  permanent p o s i t i o n i n g  of t h e  -nozzle  i n  t h e  
optimum l o c a t i o n  r e l a t i v e  t o  t h e  c e n t e r l i n e  of t h e  
s t a c k .  The probe nozz ' le .and sample l i n e  s h a l l  be 
s i z e d  wi th  r e f e r e n c e  t o  t h e  sample s i z e  r e q u i r e d  t o  
a t t a i n  an a i r  v e l o c i t y  i n t o  t h e  probe nozz le  approxi -  
mately  t he , s ame  a s  i n  t h e  s t a c k  ( i s o k i n e t i c  f l o w ) .  
@ The sampling probe s h a l l  be l o c a t e d  where a  r ea sonab le  
degree  of mixing can be expec ted  t o  occu r .  Normally, 
t h i s  s h a l l  be a t  l e a s t  s i x  d i ame te r s  beyond t h e  l a s t  
bend o r  conf luence .  
I .  
e Exhaust  a i r  d u c t s  from C l a s s  A 01: B work s t a t i o n s  
s h a l l  have sampling p o i n t s  p rov ided  i n  which sampling 
probes  a s  d e s c r i b e d  above may be i n s e r t e d  subsequent  
t o  b u i l d i n g  c o n s t r u c t i o n .  
@ Probes  s h a l l  be provided bo th  up:itream and downstream , 
of each f i l t e r  o r  s c rubbe r  t o  pei:mit r o u t i n e  sampling 
a n d , t e s t i n g  of e f f i c i e n c y .  HEPA f i l t e r s  s h a l l  be sub- 
j e c t e d  t o  a  DOP t e s t  a f t e r  i n s t a : l l a t i o n  t o  check for .  
l e a k s .  Necessary equiprr~er1-L si.~;ll'l: be provided t o  p e r a i t  
t h e  r o u t i n e  measurement of p r e s s u r e  drop  a c r o s s  f i l t e r  
banks. Readout and a la rm from a  con t inuous ly  moni tored 
l o c a t i o n  s h a l l  be prov ided  a t  t h e  Radia t ion  Moni tor ing 
o f f i c e  o r  c e n t r a l  c o n t r o l  room. 
Exhaust  a i r  samplers  may be o p e r a t e d  from a  ' c e n t r a l i z e d  
vacuum system o r  by an independent  motor ized pump a t  t h e  
sampling l o c a t i o n s .  A p r e s s u r e  drop  of twenty i n c h e s  of 
wate r  s h a l l  he seqli.i.red a t  each sampler .  Exhaust  a i r  
from a  s t a c k  or  d u c t  a i r  sample vacuum system s h a l l  be 
r e t u r n e d  t o  t h e  exhaus t  plenum v i a  a  c l o s e d  system. 
'9. Liquid  Waste Monitoring 
e P r o v i s i o n  s h a l l  be made f o r  sampling a l l  waste  s t reams  
e ~ c e p t : s a n i t a r y  sewers from a  b u i l d i n g  c o n t a i n i n g  C l a s s  
A,  B o r  C work s t a t i o n s .  
0 I f  t h e  p r o c e s s  sewer system i s  connected t o  a  r e t e n t i o n  
waste sl-stem, t h e  moni tor ing  and d i v e r s i o n  p r o v i s i o n s  
of t h e  r e t e n t i o n  waste  system s h a l l  be cons ide red  ade- 
q u a t e  t c )  s a t i s f y  t h e  sampling and moni tor ing  requi rements .  
Q Monitoring and d i v e r s i o n  of was tes  t o  s t o r a g e  o r  t o  a  
s u i t a b l e :  sewer s h a l l  be prov ided  where t h e r e  i s  a  s i g n i -  
f i c a n t  p r o b a b i l i t y  t h a t  a c c i d e n t a l  r e l e a s e  of r a d i o -  
a c t i v e  m a t e r i a l s  may exceed o c c u p a t i o n a l  l i q u i d  e f f l u e n t  
c o n c e n t r a t i o n  gu ides .  , ' .  
\, 
e Waste moni tor ing  systems provided f o r  a  f a c i l i t y  s h a l l  
r e a d o u t  and a larm i n  t h e  ' ~ a d i a t i o n  p r o t e c t i o n  S p e c i a l i s t  
o f f  i c e .  
